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ABSTRACT
T ransport o f  p o ly m eric  im m unoglobulin A (plgA) in  r a t s a l i v a r y  
glands has been in v e stig a te d  by combined m orphological and biochem ical 
tech n iq u es  in  v iv o  and in  v i t r o .  The d is t r ib u t io n  o f  igA and i t s  
c e l l u l a r  r e c e p to r  s e c r e t o r y  com ponent (SC) was o b s e r v e d  by 
immunoperoxidase s ta in in g  o f cryosection s from parotid  and subm axillary  
gland, showing serous acinar c e l l s  are the s i t e  o f  IgA transport in to  
s a l i v a .  B inding o f  h orse  ra d ish  p e r o x id a se  s p e c i f i c  IgA to  p a r o t id  
serous acinar c e l l s  in  v itr o ,  observed by e lec tr o n  microscopy, shows 
that on ly  the b a so la te r a l domain o f acinar c e l l s  p o ssesses  exposed SC. 
A combination o f new c e l l  fra ctio n a tio n  methods and standard western  
b lo t t in g  te c h n iq u e s  shows th a t  SC p r e se n t on b a s o la t e r a l  p lasm a  
membrane o f  parotid  acinar c e l l s  has a m olecular weight (mwt) >100,000 
and shows a high a f f in i t y  for plgA in  v itr o . The ex isten ce  o f  a 73,000 
mwt SC o ccu rr in g  w ith  plgA in  c e l l u l a r  f r a c t io n s  o f  p a r o t id  g la n d  
suggest c lea v a g e  o f  SC occurs prior to  secretio n .
The k in e t i c s  o f  plgA t r a n c y t o s is  was s tu d ie d  u s in g  i s o l a t e d  
parotid  a c in i. Bound plgA was secreted  in to  the incubation medium as 
slgA , w ith in  th ir ty  minutes o f incubation at 37°C. S ecretion  o f  plgA  
was i n i t i a l l y  rapid but slow ed over a 2hr period o f incubation a t 37°C. 
In a d d it io n  to  f a c i l i t a t i n g  plgA tr a n sp o r t se r o u s  a c in a r  c e l l s  a l s o  
sy n th esise  and secre te  a d iv e r se  range o f  other s a l iv a r y  p ro te in s  which 
are packaged in to  secretio n  granules and secreted  d ir e c t ly  through the  
a p ica l plasma membrane. I t  i s  improbable th at one complex secreto ry  
pathway f a c i l i t a t e s  both b u lk  s e c r e t io n  o f  s a l i v a r y  p r o te in  and 
tr a n sp o r t o f  plgA. T h erefore  s e c r e te d  p r o te in s  must be s e l e c t i v e l y  
segregated during secretio n  in to  s a l iv a .  Secretion  o f  p ro te in s  from
iacinar c e l l s  in  v itr o  shows p rote in s are re leased  a t two d is t in c t  rates
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1. INTRODUCTION
1:1 H isto logy
S a l iv a  i s  produced by th r e e  p a ir s  o f  major s a l i v a r y  g la n d s , th e  
parotid , submandibular (or submaxi l i a r  y) and su b lin gu a l g lan d s, p lu s  
numerous minor a c c e sso r y  g la n d s  sca tter e d  throughout the o r a l mucosa 
(Sobotta and Hammerson, 1983).
Two form s o f  s e c r e to r y  a c in a r  c e l l s  a re  r e s p o n s ib le  fo r  th e  
p rod u ctio n  o f  s a l i v a ,  sero u s  c e l l s  which produce a p r o te in a c e o u s  
s e c r e t io n  and mucous c e l l s  which produce a h ig h ly  v is c o u s  s e c r e t io n  
r ic h  in  m ucins. The r e l a t i v e  p r o p o r tio n  o f  each c e l l  ty p e  v a r ie s  
between the major s a liv a r y  g lands. The parotid  glands c o n s is t  t o t a l l y  
o f  sero u s  a c in i  w h ile  th e  s u b lin g u a l  g la n d s  c o n ta in  o n ly  m ucinous 
c e l l s ,  in  c o n tr a s t  th e  subm andibular g la n d s  a re  h e tero g en eo u s  and 
contain both serous and mucous secreto ry  c e l l s .
D espite v a r ia tio n s  in  the types o f  acinar c e l l s  present th e major 
s a liv a r y  g lands share a common morphology. Each gland i s  composed o f  
numerous lo b u le s  c o n ta in in g  many a c in i  or s e c r e to r y  u n i t s .  In th e  
p a r o tid  and s u b lin g u a l  g la n d s  th e  s e c r e to r y  u n it s  a re  "bulb" l i k e  
s t r u c t u r e s  com posed o f  o n e  s i n g l e  a c in a r  t y p e ,  w h e r ea s  in  
submandibular glands the main part o f  the acinus i s  composed o f  mucous 
c e l l s  w ith  ser o u s  c e l l s  form ing a sem ilu n a r  cap or dem ilum e (F ig  1). 
Each s e c r e to r y  u n it  i s  e n v e lo p e d  by th e  p r o c e s s e s  o f  m y o e p it h e l ia l  
c e l l s ,  which are  packed w ith  c o n tr a c ta b le  f i la m e n t s  and a s s i s t  in  
s a liv a r y  sec r e tio n , by forcin g  the contents o f the acinar lumen in to  
the s a liv a r y  ducts.
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Figure 1 -  Shows the general stru ctu ra l organ isation  o f  secretory  u n its  found 
in  r a t  sa liv a ry  glands. Although the r e la t iv e  proportion o f  
serouse, mucous and mixed a c in i i s  dependent upon the gland in  
question  (Section  1 :1 ) .
The sec r e tio n s  from s e v e r a l a c in i f i r s t  enter in ter c a la te d  ducts 
and subsequently drain in to  larger  s tr ia te d  ducts th e lin in g  c e l l s  o f  
which p la y  a major r o le  in  the secondary m odification o f  s a l iv a  (Mason 
and ch i s h o lm , 1 9 7 5 ). F i n a l l y  s a l i v a  p a s s e s  th ro u g h  l a r g e r  
in ter lo b u la r  ducts in to  the o r a l c a v ity .
The major s a l i v a r y  g la n d s  d i f f e r  w ith  r e sp e c t  t o  th e  r e l a t i v e  
p ro p o r tio n  o f  in t r a lo b u la r  d u c ts  p r e se n t . I n t e r c a la t e d  d u c ts  are  
lon g est in  the parotid  glands w h ile  s tr ia te d  ducts are most prominent 
in  th e  subm andibular g la n d s . Both ty p e s  o f  in t r a lo b u la r  d u c ts  are  
inconspicuous in  the su b lin g u a l gland.
The r e t ic u la r  con n ective t is s u e  which surrounds th e a c in i contain s  
th e  major b lo o d  v e s s e l s  which f o l l o w  th e  co u rse  o f  th e  d u c ts  b e fo r e  
forming a r ich  c a p il la r y  p lex u s around a c in i and in tra lo b u la r  ducts. 
The venous and lymphatic drainage v e s s e ls  retrace  the a r t e r ia l  pathway 
throughout the gland. A lso  present in  serous c e l l  contain ing  glands 
are numerous plasma c e l l s  resp o n sib le  for the production o f  polym eric 
immunoglobulins (Hurlimann and D arling , 1971; Jeu r issen , 1985; Tomasi, 
1983; Ham , 1974).
Each major s a l iv a r y  gland i s  innervated by both parasym pathetic 
and sym pathetic d iv is io n s  o f  the autonomic nervous system. Innervation  
i s  o rg a n ised  in  such a way th a t  te r m in a l f ib r e s  o f  both  sy stem s are  
present on the surface o f  in d iv id u a l acinar c e l l s  (Ham , 197%.
1:2 cy to logy
The a c in a r  c e l l s  o f  t h e  p a r o t i d  g l a n d s  e x h i b i t  a v e r y  
c h a r a c te r is t ic  p o la r ity , freq u en tly  compared to  th a t o f  the pan creatic
acinar c e l l  (Palade 1975; Orci, 1984). A h igh ly  organised d is tr ib u tio n  
o f  o r g a n e l le s  i s  o b serv ed  in  both o f  th e s e  c e l l s  (F ig  2). D en se ly  
packed stacks o f  rough endoplasmic reticulum  dominate the b a so la te r a l  
p o r tio n  o f  th e  c e l l  w h ile  th e  a p ic a l  th ir d  o f  th e  c e l l  c o n ta in s  th e  
G o lg i apparatus in te r d is p o s e d  between la r g e  numbers o f  s e c r e t io n  
granules. The secretio n  granu les are c h a r a c te r is t ic  o f  both mucous and 
p r o te in  s e c r e to r y  c e l l s  o f  s a l iv a r y  g la n d s  and show c o n s id e r a b le  
v a r ia t io n  in  s i z e ,  number and m orphology depending upon th e  s t a t e  o f  
s e c r e t io n  (W allach , 1982; L e s l i e ,  1983). The n u c le u s  o f  s a l iv a r y  
a c in a r  c e l l s  v a r ie s  in  appearance between se r o u s  and mucous c e l l s ,  
n u c le i  o f  mucous c e l l s  a re  f la t t e n e d  and s i t u a t e d  c l o s e  to  th e  
b a s o la t e r a l  p lasm a membrane w h ile  th e  n u c le i  o f  s e r o u s  c e l l s  a re  
rounded and p osition ed  more c e n tr a lly  in  the c e l l s .
1:3 S a liv a
1:3a Composition o f S a liv a
S a l i v a  i s  a v is c o u s  s e c r e t io n  c o n ta in in g  a com plex m ixtu re  o f
w ater , m ucins, p r o te in s  and s a l t s .  The p h y s io l o g ic a l  fu n c t io n  o f
s a l i v a  in c lu d e s  prim ary d ig e s t io n  o f  food  com ponents, p r o te c t io n
again st environm ental b a c te r ia l f l o r a  and v ir u s e s  (S e c t io n  1 :4 ) , and
th e  m aintenance o f  to o th  su r fa c e  in t e g r i t y  ( E l l i s o n ,  1977). As
d e scr ib e d  in  th e  p r e v io u s  s e c t io n  prim ary s a l i v a r y  s e c r e t io n s  a re
produced by two d i s t i n c t  s e t s  o f  c e l l s ,  th e  m u cin ogen ic  and ser o u s
a c in a r  c e l l s .  M ucinogenic c e l l s  produce a v e ry  v is c o u s  s e c r e t io n
c o n ta in in g  a h igh  p ro p o r tio n  o f  m u co p o ly sa ch a r id es , m ucoids and
g lycop rote in s which are a l l  c h a r a c t e r is t ic a l ly  sulphcxVd<i and p ossess  
c
m u ltip le  o ligosach arid e  s id e  chains.
Figure 2 shows the c h a r a c te r is t ic  su b ce llu la r  organ isation  o f  
ra t parotid  acinar c e l l s  in  v iv o .
AS^vfiATiOA)5.
N -  Nucleus; SG -  Secretion  Granules; ME -  M yoep ithelia l c e l l ;  ‘ M
Mitochondria; RER -  Rough Endoplasmic Reticulum.
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Serous a c in i  produce a n o n -v is c o u s  p r o te in a c e o u s  s e c r e t io n  
c o n ta in in g  iso -en zy m es o f  am ylase (R o b in o v itc h , 1968), DNAase 
(Sreebny, 1965) and RNAase (R o b in o v itch , 1968) p lu s  p e r o x id a se  
(W allach, 1975)) and immunological components. Other forms o f  p rote in s  
are commonly o b se rv e d , how ever, no p h y s io lo g ic a l  r o le  has y e t  been  
a sc r ib e d  and n om en clature i s  th e r e fo r e  determ ined  by th e  p r e v a le n t  
amino a c id  component o f  ea ch , i . e .  l e u c in e ,  p r o l in e  or c y s t e in e  r ich  
protein s. Non-protein components in clu d e g ly c o l ip id  m ateria l (Simpson, 
1973) and the ions Na+, K+, C l", Potassium, phosphate and high l e v e l s  
o f  ca2+ (W allach, 1971).
The primary sec r e tio n s  o f  acinar c e l l s  are subsequently  m odified  
by an a b s o r p t iv e  tr a n sp o r t  p r o c e s s  in  th e  a c in a r / in t e r c a la t e d  duct 
region in  response to  muscarinic c h o lin er g ic  and adrenergic s t im u li.  
The e x te n t  o f  secon d ary  m o d if ic a t io n  i s  g r e a t ly  dependent upon f lo w  
rate and in v o lv e s  a c t iv e  reabsorption o f  Na+ fo llo w ed  by C l” and a c t iv e  
secretio n  o f K+ and HCO3. As th ese  ions c o n s titu te  th e major o sm o lite s  
o f s a l iv a  the m od ification s serv e  to  co n tro l th e f in a l  water content o f  
the s e c r e t io n .
In c o n c lu s io n , a lth o u g h  many s a l i v a r y  com ponents have been  
id e n t if ie d  i t  i s  u n r e a lis t ic  to  envisage s a l iv a  as a r e g u la r ly  composed 
f l u i d  w ith  c o n s ta n t ly  p r e se n t  or s tr u c tu r e d  com ponents, a s  t h e ir  
appearance i s  s tro n g ly  in flu en ced  by v a r ia tio n s  in  s a l iv a r y  s t im u li  and 
p o st-secreto ry  in tera c tio n s  (E ll is o n , 1977).
1:3b Production o f  S a liv a
Two d y n a m ic a lly  opposed t h e o r ie s  e x i s t  concerning th e r e la t iv e  
involvem ent o f  hormonal (W allach, 1982) and n e u r o lo g ic a l (G allach er,
1985) s t im u li in  e l i c i t i n g  s a liv a r y  secretio n . In p ra ctice  secretory  
mechanisms are complex and varied , as such secre tio n s  may be dependent 
upon both forms o f s t im u li . As the composition o f  s a l iv a  shows marked 
v a r ia tio n s with d if fe r e n t p h y s io lo g ic a l  s t im u l i  i t  i s  p o s s ib l e  th a t  
co m p o s itio n a l f lu c t u a t io n  in  s a l i v a  r e f l e c t s  com plex b io c h e m ica l  
mechanisms not y e t e lu c id a ted .
1:3c C e llu la r  Mechanisms o f  Production
The s e c r e to r y  p r o c e ss  o f  a c in a r  c e l l s  i s  govern ed  by th e  
in tegration  o f  two d is t in c t  transport processes (Fig 3).
F i r s t l y  r e l a t i v e l y  lo w  l e v e l s  o f  s t i m u l a t i o n  r e s u l t  in  
p r e f e r e n t ia l  a c t iv a t io n  o f  /3 -a d r e n e r g ic  r e c e p to r s  y ie ld in g .r a p id  
p r o te in  b io s y n t h e s is  and s e c r e t io n .  In t h i s  mechanism, b in d in g  o f  
catecholam ines to  /5-receptors s tim u la tes  adenylate c y c la se  to  produce 
cAMP which su b se q u e n tly  a c t i v a t e s  a cAMP d e p e n d en t k in a s e  t o  
phosphorylate p rote in s in v o lv ed  in  regu latory  sy n th es is  and secre tio n . 
The id e n t it ie s  o f  p rote in s in v o lv ed  in  s a liv a r y  secre tio n  are unknown 
but i t  i s  p o s s ib le  th at phosphorylation o f  secretio n  granule membrane 
p r o te in s  c o u ld  e x p la in  th e  c h a r a c t e r i s t i c  'b u d d in g ' o f  g r a n u le  
membranes and an increased tendency for  granule-granule fu sio n  observed  
immediately prior to  secretio n .
Secondly, in  response to  higher concentrations o f  d^adrenergic and 
c h o l in e r g ic  e f f e c t o r s  a d i f f e r e n t  s e c r e to r y  mechanism i s  t r ig g e r e d .  
The response r e s u lt s  in on ly  m ild s tim u la tio n  o f  p ro te in  sec r e tio n  
but high l e v e l s  o f  K+ and water r e le a se  (G allacher, 1985). U nlike the  
/5 -r e s p o n s e , t h i s  mechanism o p e r a te s  in d ep en d en tly  o f  cAMP and i s
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dependent upon a c t i v i t i e s  o f  p h o sp h o lip id  c y c l in g  and in c r ea se d
94 -c y to s o lic  l e v e l s  o f  Ca . The exact r o le  o f phospholip id c y c lin g  i s
94 -unknown but may be lin k ed  to  Ca  ^ m ob ilisa tion  with phosphatidic acid  
actin g  as an endogenous Ca2+ ionophore (I to , 1982).
1:3d A r t i f ic ia l  S tim ulation  o f S a liv a tio n
P ilocarp in e whose chem ical stru ctu re  i s  shown opposite i s a n a tu r a lly  
occuring a lk o lo id  which serv es  as a poten t, parasympathomimetic agent. 
In traperitonea1 adm inistration  r e s u lt s  in  secretio n  from the s a liv a r y ,  
la cr im a l, g a s tr ic  and p an creatic  glands p lu s  the mucous c e l l s  o f the 
resp iratory  tr a c t . At a s u b c e llu la r  l e v e l  binding o f  p ilo ca rp in e  to  
m u s c a r in ic /c h o lin e r g ic  r e c e p to r s  in  s e c r e to r y  c e l l s  r e s u l t s  in  th e  
r e le a se  o f in t r a c e l lu la r  bound Ca2+ and in f lu x  o f  e x tr a c e llu la r  Ca2+.
94 -The r e s u l t in g  in c r e a s e  in  c e l l u l a r  Ca-6 l e v e l s  r e s u l t s  in  s o lu t e  
e f f l u x  and r e le a s e  o f  p r e - s y n th e s is e d  p r o te in s  a s  d is c u s s e d  in  th e  
previous se c t io n  (See Fig 3 sec tio n  1 :3 c ).
1:4 Immunoglobulin A
IgA i s  th e  major im m unoglobulin  component o f  a l l  serom ucous 
secre tio n s  in clu d in g  s a l iv a ,  tea rs  and colostrum , p lu s  se c r e tio n s  o f  
the lung, genitourinary and g a s tr o in te s t in a l tr a c ts . The fu nction  o f  
IgA in  th e s e  s e c r e t io n s  i s  t o  p r o te c t  th e  s u r fa c e  o f  exp osed  m ucosal 
c e l l s  a g a in s t  a tta c k  by m icro -organ ism s. S p e c i f i c  seq u en ces  in  th e  
v a r ia b le  region o f  the IgA m olecu le , recognise and bind invading micro­
organ ism s, p r e v e n tin g  t h e ir  adh erence to  th e  m u cosal e p ith e l iu m .  
Involvem ent o f  the a lte r n a t iv e  complement pathway in  response to  IgA 
a g g r eg a tio n  has been r ep o rted  a s  a p o s s ib le  method fo r  rem oval o f  
bound antigen  (R o itt, 1980). I t  has a ls o  been suggested th at human,
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Figure 3 shows a schematic representation of secretory mechanisms 
occuring within the serous acinar cells of rat parotid 
gland. Ach-m = muscarinic receptors; a -Adr = a-adrenergic 
receptors; 3 -Adr = 3 -adrenergic receptors.
fa lth o u g h  not most o th er  s p e c ie s ,  p o s s e s s  r e c e p to r s  fo r  ag g reg a ted  
monomeric IgA in  th e  su r fa c e  o f  n e u tr o p h ils  . The seq u en ce  o f  
e v e n ts  r e s p o n s ib le  fo r  producin g IgA m o le c u le s  w ith  th e  c o r r e c t  
a n t ig e n ic  r e c o g n it io n  s i t e  i s  d e sc r ib e d  by Roux (1977), and M estecky  
(1978) (F ig  4).
Pre B - c e l l s  o f  a d u lt  bone marrow s e r v e  a s  u n iv e r s a l  B - c e l l  
p r e cu rso r s . They p o s s e s s  no immune components but d e v e lo p  in t o  
immature B -lym p h ocytes which e x p r e ss  su r fa c e  IgM and r e p r e se n t th e  
f i r s t  stage  o f  iso typ e  d iv e r s ity . Subsequent development r e s u lt s  in  
production o f  sub-populations o f  B c e l l s  expressing surface IgM+/IgD+ 
and e ith e r  surface IgG or IgA iso ty p es.
At th is  stage  o f  development B c e l l s  migrate from the bone marrow 
to  the g a s tr ic ,  bronchial and co n ju n ctiv a l a sso c ia ted  lymphoid t is s u e s ,  
G a lt (Cebra, 1977), B a lt  (A udzik, 1975) and C a lt  (F r a n k lin , 1984) 
r e sp e c t iv e ly ) . Within the microenvironment o f  th ese  t is s u e s ,  antigen  
p a sse s  through membraneous e p i t h e l i a  (M c e l l s )  t o  be p r e se n te d  to  
underlying IgA or IgG type B c e l l s .  The s e le c t iv e  p r o lif e r a t io n  o f  IgA 
B c e l l s  o ccu rs  by th e  a c t io n  o f  i s o t y p e - s p e c i f i c  "sw itch" T c e l l s ,  
which recognise both antigen and B -C e lls  expressing IgA o f  th e  correct  
v a r ia b le  sequence. As a r e s u lt  o f  T c e l l  binding development o f  th e B- 
c e l l s  i s  d iv erted  to  e x c lu s iv e  production o f  IgA and p r o lif e r a t io n  o f  
th a t  B - c e l l  ty p e  i s  prom oted. Mature B - c e l l s  m ig ra te  from th e
4t-
secondary lym phoid t i s s u e s  to  th e  g u t , s a l i v a r y  and o th er  g la n d s  
producing e x te r n a l  s e c r e t io n s ,  where th e  f i n a l  d ev e lo p m en t o f  IgA 
secretory  plasma c e l l s  occurs, p o ss ib ly  v ia  a further T c e l l  mediated 
process (E lson, 1978; E lson , 1979).
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4 - Shows the sequence of events leading to the localised 
production of IgA within the interstitium of rat salivary 
glands.
IgA polymers (plgA) are produced w ith in  the plasma c e l l s  prior to  
secretio n  (therefore m aintaining antigen  s p e c if ic i ty )  by c r o ss - lin k in g  
o f IgA monomers with the p olyp ep tid e j-ch a in . Once re lea sed  in to  the 
in ter s tit iu m  o f  the mucosal t i s s u e ,  plgA binds to  secreto ry  component 
(Sc), i s  transcytosed through the secretory  ep ith elium  and i s  re lea sed  
in to  the ex tern a l secretio n  (Section  1.5).
Secreted IgA (slgA) i s  comprised o f  two to  four IgA monomers (mwt 
170,000 each) (Peppard, 1984)joined by th e  c y s t e in e - r ic h  p o ly p e p t id e ,  
J -c h a in  (mwt 15,000) and p o s s e s s e s  a 60,000 t o  70 ,000  mwt fragm ent o f  
Sc (Cambier, 1976) (F ig  5).
1:5 Secretory Component
S e c re to r y  component (Sc) i s  p r e se n t  in  e x te r n a l  s e c r e t io n s  o f  
mammals both in  a s s o c ia t io n  w ith  p o ly m er ic  im m unoglob ulin s (p ig 's )  
(B ienenshock and B efu s, 1980) a s  bound SC (bSC) and a s  a s i n g l e  
g ly co p ro te in , free  SC (fSC) (M arsh all, 1974). The proposed fu n ction s  
o f bSC in clu d e p rotection  o f  plgA aga in st attack  by p r o te o ly t ic  enzymes 
(L indh, 1975) s t a b i l i s a t i o n  o f  th e  q u atern ary  s t r u c tu r e  o f  s lgA  
(Mestecky, 1974 and Jerry, 1972) and increased a sso c ia tio n  o f  slgA  with  
th e  mucous c o a t in g  o f  s e c r e to r y  e p ith e l iu m  f o l lo w in g  s e c r e t io n .  In 
c o n tr a s t  fSC appears to  h ave no s p e c i f i c  fu n c t io n  in  e x te r n a l  
s e c r e t io n s  and may occur p r im a r ily  a s  a con seq u en ce o f  s a c r i f i c i a l  
processing o f  receptor in  the absence o f  bound ligan d .
FOOTNOTE : Some IgA committed B - c e l l s  which le a v e  secondary lymphoid
t is s u e s  are retained in  lymph nodes as memory c e l l s  and are important 
in  in i t ia t io n  o f secondary responses.
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Figure 5 - Shows the proposed structural organisation of secretory
dimeric IgA.
Under normal c icu m sta n ces  SC b in ds and tr a n sp o r ts  plgA in to  
ex tern a l secre tio n s  with v a r ia b le  a f f in i t y  r e la t iv e  to  the degree o f  
p o ly m e r i s a t io n  in  th e  s e q u e n c e  d im e r ic - I g A  > tr im e r ic -Ig A  > 
te tr a m e r ic -Ig A , SC has a v ery  low  a f f i n i t y  fo r  monomeric IgA or IgG 
(Vaerman, 1985) but under con d ition s o f IgA d e fic ien cy  w i l l  transport 
plgM, suggesting  s e le c t iv e  transport o f  p ig 's could  be a function  o f  J -  
chain recogn ition  (Eskeland, 1973).
The e x a c t  m o le c u le  w eigh t o f  SC i s  v a r ia b le ,  d i s t i n c t  s p e c ie s  
v a r ia t io n s  e x i s t  (M o sto v , 1983 and C am bier, 1 9 76) and s l i g h t  
d ifferen ces  in  m olecular weight occur in  sec r e tio n s  o f  one in d iv id u a l 
(Cambier, 1976) p o ss ib ly  due to  varying degrees o f  p o s t- tr a n s la t io n a l  
g ly c o sy la tio n . D espite such v a r ia tio n , Mostov e t  a l  (1983) showed SC i s  
syn th esised  by e p i t h e l ia l  c e l l s  as a la rg e  transmembrane g ly co p ro te in  
(mSC) which i s  p r o t e o ly t ic a l ly  c lea v e d  prior to  secretio n  as a lower 
mwt sp ec ie s  (fSC and low m olecular weight secretory  component bound to  
IgA (s ig A ).
The study o f  SC-mediated IgA transport in to  b i l e  has rev ea led  the  
com plex p o s t - s y n t h e t ic  pathway o f  SC (M u llock  e t  a l . ,  1979; 1980a; 
1980b) and ra ised  fundamental q u estion s concerning so r tin g  o f  p ro te in s  
in  endocytosis (Limet, 1985). SC i s  syn th esised  in  hepatocytes on the  
rough en d op lasm ic  r e t ic u lu m  as a transmembrane p r o te in . A fte r  
tr a n sp o r t  through th e  G o lg i com p lex , SC t r a v e l s  to  th e  s in u s o id a l  
( b a s o la t e r a l )  r eg io n  o f  th e  plasm a membrane (where IgA may be bound) 
and i s  su b se q u e n t ly  in t e r n a l i s e d  in t o  th e  endosom al compartment 
(S e c t io n  1 :6 , 1 :7 a ). From th e  endosom e, th e  mSC/pIgA com plex  i s  
tr a n c y to se d  t o  th e  b i l e  c a n a l ic u la r  (a p ic a l )  p lasm a membrane, where
s lg A  i s  r e le a s e d  (th e  e x a c t s ta g e  a t which th e  SC m o le c u le  i s  
p r o te o ly t ic a l ly  c lea v ed  i s  unknown).
E vid en ce fo r  com parable SC-m ediated IgA tr a n sp o r t  has been  
presented for gut (; Nagura, 1979) and to  a le s s e r  exten t
bronchial (Manson, 1980) lachrymal (S u lliv a n , 1984; R enversev, 1985) 
and mammary (S o la r i, 1985) e p i t h e l ia l  c e l l s .  However, i t  i s  c r u c ia l to  
r e f le c t  th at although SC may transport IgA by comparable mechanisms in  
a l l  t i s s u e s ,  th e  p r o c e ss  i s  superim posed on very  d i f f e r e n t  c e l l u l a r  
fu n ction s.
The prominent d irectio n  o f  secretio n  in  hepatocytes i s  through the  
b a so la te r a l (s in u so id a l) plasma membrane, i .e . in  the d ir e c tio n  which 
SC t r a v e l s  to  c o l l e c t  IgA from serum. In c o n tr a s t  th e  d ir e c t io n  o f  
s e c r e t io n  in  s a l i v a r y  a c in a r  c e l l s  i s  through th e  a p ic a l  p lasm a  
membrane, although IgA i s  s t i l l  c o l le c te d  frcm the b a so la te r a l surface  
o f  th e c e l l .  As such the in teg ra tio n  o f  IgA transport with sec r e tio n  
in  s a liv a r y  a c in i introduces asp ects o f  in t r a c e l lu la r  p ro te in  so r tin g  
which are as y e t u n in vestigated .
1:6 Protein  Transport
Transport o f  p rote in s w ith in  c e l l s  i s  a d iv e r se  and complex area  
o f study, however, alm ost a l l  transport processes may be ca tagorised  
in to  three b a sic  forms :-
1. Endocytosis -  in  which a p rote in  present in  th e  e x tr a c e l lu la r
medium i s  in ter n a lise d  and d e liv e r ed  by v e s i c l e s  to  a s p e c i f ic  
area  o f  th e  c e l l .  An e x te n s io n  o f  t h i s  c l a s s  o f  tr a n s p o r t  i s
tra n scy to sis  where in te r n a lise d  prote in s are transported through 
the c e l l  and secreted .
2. V e s i c l e  M ediated T ransport o f  Endogenous p r o te in s  -  many 
p rotein s syn th esised  by the c e l l  fo llo w  a pathway through the 
e n d o p la s m ic  r e t i c u lu m  and G o lg i  a p p a ra tu s  b e fo r e  b e in g  
s e g r e g a te d  in t o  v e s i c l e s  or g r a n u le s  and d ir e c te d  t o  a p re ­
determined area o f  the c e l l .  This form o f  transport i s  common 
to  a l l  in teg r a l membrane p rote in s (e.g. Na+/K ATPase), o r g a n e lle  
s p e c if ic  enzymes (lysosom al hydrolases) and secreto ry  p ro te in s  
(amylase) .
3. Non V e s ic u la r  I n t r a c e l l u l a r  P r o te in  T ransport -  P r o te in s  
syn th esised  on c y to s o l ic  ribosomes may remain c y to s o l ic  (LDH) or 
enter r e lev a n t o r g a n e lle s , i .e .  mitochondria or ER.
I t  i s  obvious even from th is  sim ple o u t lin e  th at p ro te in  so rtin g  
must be o p e r a t iv e  a t  s e v e r a l  d i f f e r e n t  c e l l u l a r  l o c a t io n s .  With 
r e s p e c t  to  p r o te in s  s y n th e s is e d  by th e  c e l l ,  s e l e c t i v e  s e g r e g a t io n  
o ccu rs  a t  th e  p o in t  o f  t r a n s lo c a t io n  in t o  ER and in  th e  tr a n s  G o lg i  
app aratus (R in d ler  e t  a l . ,  1 9 8 4 ) . In  c o n t r a s t  p r o t e i n s  b e in g  
endocytosed or transcytosed  are sorted  on the plasma membrane and in  an 
endosom al compartment (G o ld s te in  e t  a l . ,  1985; Simons and F u l l e r ,  
1985).
C o n sid er in g  th e r e fo r e  th e  proposed c e l l u l a r  r o u te  o f  th e  IgA 
r e c e p t o r  s e c r e t o r y  com ponent (SC) ( S e c t io n  1 .5 ) ,  in  o r d e r  t o  
e f f e c t iv e ly  tran scytose IgA, Sc must be s u c c e s s fu l ly  sorted  a t every  
s i t e  known to  be in v o lv ed  in  p rote in  so rtin g . As such SC p rovid es an 
a t t r a c t i v e  m od el by w hich  we may i n v e s t i g a t e  th e  s p e c i f i c
c h a r a c te r is t ic s  o f a p rote in  resp on sib le  for i t s  observed behaviour at 
d if fe r e n t c e l lu la r  lo c a tio n s .
1:7'“ Protein  Sorting
Protein so rtin g  i s  dependent upon two d is t in c t  p ro cesses , f i r s t l y  
the segregation  o f  p ro te in s in  a s p e c if ic  area o f  a f lu id  membrane and 
secondly correct ta rg etin g  o f  interm ediate transport v e s ic l e s  to  a pre­
determined c e l lu la r  lo c a tio n .
1:7a Segregation o f Membrane Proteins
P o ssib ly  the b est characterised  example o f  p ro te in  movement w ith in  
membranes during p r o te in  s o r t in g  o ccu rs in  e n d o c y to s is .  Mixed 
populations o f receptors and recep tor-ligan d  complexes are endocytosed  
from th e  b a s o la t e r a l  p lasm a membrane o f  c e l l s  in t o  c la t h r in  c o a ted  
v e s ic le s .  The v e s ic le s  subsequently lo s e  the c la th r in  coatin g  p rior to  
fu sion  with a m orph olog ica lly  d efin ed  e n d o c y tic  s o r t in g  com partm ent, 
th e  endosome or C.U.R.L (compartment fo r  u n co u p lin g  o f  r e c e p to r  and 
ligan d  (Geuze, 1983). In t h is  compartant lig an d /recep tor  complexes are 
s p e c i f i c a l l y  se g r e g a te d  b e fo r e  b e in g  targeted  to  d if fe r e n t  c e l l u la r  
lo c a tio n s .
The process o f  endosomal so rtin g  can be co n v en ien tly  d iv id ed  in to  
four ca teg o rie s  based on the d if fe r e n t  in t r a c e l lu la r  routes taken by 
receptors and th e ir  ligan d s a fte r  en tering  the endosome (Fig 6).
ROUTE 1 -  Receptor r e c y c le s , ligan d  i s  degraded.
T h is  i s  th e  path w ay by w h ich  a - 2 - m a c r o g l o b u l i n ,  LDL, 
a s ia lo g ly c o p r o te in s , in s u lin  and lu te in is in g  hormone are endocytosed.
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6 - Schematic representation o f  events occurring during endocytosis  
and subsequent processing o f  d i f f e r e n t  ligand receptor  
complexes,311 ligand receptor complexes appear to  share a 
common pathway in to  an endosomal compartment but may then fo l lo w  
one o f  four d if fe r e n t  rou tes . I .  Receptor i s  recycled  to  the  
b a so la te r ia l  plasma membrane but ligand i s  degraded, I I .  Both 
receptor and ligand are recycled  to  the plasma membrane, I I I .  
Both receptor and ligand are degraded, IV. Both receptor and 
ligand are transcytosed to  the a p ica l plasma membrane through 
which they are secreted , Y receptor , • ,  Ligand.
Ligands fo l lo w in g  t h is  route are d is so c ia ted  from th e ir  receptors in  
th e  endosomal compartment as  a r e s u l t  o f  th e  a c id  environm ent in  th e  
endosome (Brown e t  a l . ,  1983; Helenius e t  a l . ,  1983). The ligands are 
then transported to  the lysosome for degradation, w hile  the receptors  
a re  packaged in t o  s e p a r a t e  v e s i c l e s  which retu rn  t o  th e  b a s o l a t e r a l  
plasma membrane to  be recycled .
ROUTE 2 -  Both Receptor and ligand are recycled .
T his  pathway was o r i g i n a l l y  dem onstrated fo r  th e  t r a n s f e r r in  
receptor (Octave 1983). The receptor binds Fe^+-conta in ing  transferr in  
on the b a so la te r a l  plasma membrane. The complex i s  then endocytosed 
and d e l i v e r e d  t o  t h e  e n d o so m a l com partm ent, where th e  a c i d i c
94-environment r e s u l t s  m  removal o f  the Fe^ ion from the tran sferr in  to
94-g i v e  f r e e  Fe^ and a p o t r a n s fe r r in .  The a p o t r a n s fe r r in  i s  not a c id -  
l a b i l e  and remains attached to  the receptor which then returns to  the  
c e l l  s u r fa c e .  In th e  n e u t r a l  pH o f  th e  e x tr a  c e l l u l a r  f l u i d  th e  
apotransferrin m olecule  d i s s o c ia t e s  from the receptor, le a v in g  i t  free  
to  bind a further tra n sferr in  m olecule.
ROUTE _3 -  Both Receptor and ligand are degraded.
T his  pathway was f i r s t  c h a r a c t e r i s e d  fo r  th e  ep id erm al growth  
factor  (EGF) receptor. The EGF/receptor conplex i s  endocytosed to  an 
endosomal conpartment from where both receptor and ligan d  are degraded,
CCo.rfe/vVer 143*1)
presumably by subsequent c o - tr a n s la t io n  to  lysosome^. However i t  i s  
u n c le a r  whether d i s s o c i a t i o n  o f  r e c e p to r  and l ig a n d  o c cu rs  in  th e  
endosome or lysosome.
ROUTE 4 -  R eceptor and l ig a n d  remain a s s o c ia t e d  and are  tr a n sp o r te d  
from the endosome.
This pathway has been e x t e n s i v e l y  c h a r a c t e r i s e d  fo r  s e c r e t o r y  
component (SC) which f a c i l i t a t e s  c e l l u l a r  tr a n s p o r t  o f  p o ly m er ic  
im m unoglobulin a c r o s s  e p i t h e l i a l  c e l l  s u r fa c e s  and i s  d i s c u s s e d  in  
Section  1:5.
In c o n c lu s io n  i t  i s  c l e a r  th a t  p r o t e in s  are  s o r t e d  a t  s e v e r a l  
s i t e s  w ith in  th e  c e l l .  However un derstan ding  o f  th e  m o le c u la r  
i n t e r a c t i o n s  r e s p o n s i b l e  f o r  g u id in g  p r o t e in s  in  th e  req u ired  
d i r e c t i o n s ,  or r e t a in in g  them in  one p a r t i c u l a r  domain o f  a f l u i d  
membrane remain unclear.
A lthough d i f f e r e n t  c h a r a c t e r i s t i c s  o f  each p r o t e in  p rob ab ly  
i n f lu e n c e  s o r t in g  a t  each c e l l u l a r  l o c a t i o n ,  some o f  th e  g e n e r a l  
p r in c ip le s  in v o lv ed  are demonstrated by the movement o f  receptors in to  
coated p i t s  during endocytosis.
C erta in  r e c e p to r s  move in t o  th e  co a ted  p i t  r e g io n s  o f  plasm a  
membrane in  th e  absence  o f  bound l ig a n d ,  i . e .  th e  r e c e p to r s  fo r  LDL 
(Anderson e t  a l . ,  1982; Basu e t  a l . ,  1981) t r a n s f e r r i n  (H opkins, 1983 
and 1985), a s ia lo g ly co p ro te in  (Well e t  a l . ,  1980; Berg e t  a l . ,  1983), -  
2 -m a cr o g lo b u lin  (V ia ,  1982) and s e c r e to r y  component (Mullock e t  a l . ,  
1980a). A lte r n a t iv e ly  other recep to rs  are  ex c lu d e d  from c o a te d  p i t s  
u n t i l  a s s o c ia t e d  w ith  th e  req u ired  l ig a n d  a s  in  th e  c a s e  o f  th e  EGF 
receptor and in su l in .
The d if feren ces  observed between the movement o f  various receptor  
populations may be due to  an inherent or ind ucib le  a b i l i t y  to  a s so c ia te
with a s p e c i f ic  membrane protein  (c la th r in  in the case o f  coated p it s ) .  
R ecep tors  showing no requirem ent fo r  bound l ig a n d  c o u ld  a lr e a d y  
p o s s e s  * th e  c o r r e c t  conform ation  fo r  a s s o c i a t i o n  w ith  th e  req u ired  
membrane protein , whereas other receptors obtain t h i s  conformation as a 
r e s u l t  o f  l ig a n d  b in d in g .  Such a p r o te in  c o u ld  t h e r e f o r e  work in  
reverse  in  the endosomal compartment, thus d ic ta t in g  which region o f  
the endosome membrane could  reta in  bound or free  receptor.
Although p la u s ib le  t h i s  s im p l i s t i c  in tep reta t ion  must in  future be 
expanded to  e x p la in  th e  r o l e  o f  p r o s t h e t i c  groups (Hunter, 1984; 
K lau sn er , 1984) and i n t e r a c t i o n  o f  p r o t e in s  w ith  s p e c i f i c  membrane 
l i p i d s  (B r e tsc h e r ,  1984), and p o s s i b l y  v a r i a t i o n s  in  c e l l u l a r  pH 
osmolar»ly
1:7b Targeting o f  Intermediate Transport V e s ic le s
This process p la y s  a v i t a l  r o le  in  protein  so rt in g  as the prote ins  
contained within v e s i c l e s  must be d irected  to  the correct in t r a c e l lu la r  
l o c a t i o n s .  The e x a c t  way in  which t h i s  p r o c e s s  o p e r a te s  i s  unknown. 
However s e v e r a l  groups have  shown th a t  d i s r u p t io n  o f  m icro tu b u le  
o r g a n is a t io n  by c o l c h i c i n e  s t r o n g l y  i n h i b i t s  p r e v i o u s l y  ob serv ed  
v e s i c l e  mediated transport (Mullock e t  a l . ,  1980b). Rodriguez-Boulan 
(1983) showed t h a t  in  v i r a l  in f e c t e d  c e l l s  t r e a t e d  w ith  c o l c h i c i n e ,  
v e s i c l e  tr a n sp o r t  o f  v i r a l  p r o t e in s  t o  plasma membranes was g r e a t ly  
delayed yet s t i l l  s p e c i f i c  with regards to  targetin g . As such there i s  
in d ir e c t  e v id e n c e  t o  s u g g e s t  interm ediate transport v e s i c l e s  possess  
receptors for both microtubules and ta rg e t  o r g a n e l le s ,  v e s i c l e s  would 
then recognise the correct microtubule 'track ' and be transported along  
th e  s t r u c t u r e  ( p o s s i b l y  in  a s i m i l a r  manner t o  th a t  o b se rv e d  in  axon
preparations) to  the correct region o f  the c e l l  where fusion  with the
jrs.
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I2. MATERIALS AND METHODS
y
2:1 Surgical Procedures
2:1a Cannulation o f  Parotid Duct
Male hooded rats  (U niversity  o f  Surrey s tra in ) weighing more than
r />'-----* *\
250 grams, were used for cannulation o f  the exi-ernoi paroP,c\, : duct. 
The a n im als  were a n a e s t h e t i s e d  w ith  ap p ro x im a te ly  O.lml/lOOg body 
w e ig h t  o f  S a g a t a l  (May and Baker L td , Dagenham, E n g la n d ,  UK) 
a d m in is tered  i n t r a p e r i t o n e a l l y .  The r a t s  were then p la c e d  on a 
d is se c t io n  board and secured. An in c is io n  was made from the lower jaw 
t o  th e  s t a r t  o f  th e  c h e s t  c a v i t y ,  exp os in g  th e  s a l i v a r y  g la n d s  and 
cheek area . The s a l i v a r y  duct was then i d e n t i f i e d  (F ig  7) and two 
l ig a tu r es  placed around i t  but not t ied .  A '30G' denta l nerve needle  
(kind g i f t  from C h arles  C l i f f o r d ,  D en ta l H o s p i t a l ,  S h e f f i e l d ,  UK) 
connected to  the required length o f  c a p i l la r y  tubing (Portex, UK) was 
th en  c a r e f u l  l y  in s e r t e d  in t o  th e  lumen o f  th e  duct and th e  l i g a t u r e  
t ie d  around i t .
2:1b Retrograde perfusion o f  Parotid puct
A perfusion pump was connected to  a length o f  c a p i l la r y  tubing to  
which the 30G needle  had been attached. An appropriate amount o f  the  
req u ired  p e r f u s a t e  was then drawn up th e  c a p i l l a r y  tu b in g  and th e  
needle  inserted  in to  the duct and secured (as described in  2:1a). The 
p e r fu s io n  pump was then turned on a t  a r a te  o f  3m l/hr  and a l lo w e d  to  
pump for approximately 5 mins. After t h i s  the glands were exc ised  and 
e ith e r  homogenised or prepared for l ig h t  microscopy (Section  2:5c).
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Figure 7 -  Shows the anatomical l o c a l i s a t i o n  of  the rat parot id  
scretory  duct.
2:1c Collection of Saliva from Cannulated Parotid Duct
This method o f  o b ta in in g  pure p a r o t id  g la n d  s e c r e t i o n s  was
attempted but i s  very d i f f i c u l t  and o ften  y ie ld s  very sm all samples of
s e c r e t i o n  even  when th e  anim al i s  s t im u la t e d  by i n t r a - p e r i t o n e a l
in jec t io n  o f  p ilo ca rp in e  (Sigma Chemical Co, Poole, Dorset, UK).
2:2 Fractionation Techniques
2:2a Preparation o f  Microsomes From Parotid Glands
1 . Parotid glands were rapidly  excised  and lymph nodes removed before  
being placed in  homogenisation medium at 4°C.
2. Glands were c o a r s e l y  minced by hand u s in g  a s i n g l e  edged razor  
blade prior to  homogenisation, using a potter type homogeniser (3-  
4 s t r o k e s )  a t  2 ,4 0 0  r.p.m , in  0.28M s u c r o s e ,  0.5mM M g C ^ /  
lmMNaHCC>3 a t  pH 7 .4 , t o  g i v e  an approxim ate 10% (w /v) t i s s u e  
homogenate.
3. Samples o f  the homogenate were centrifuged for 15 mins a t  12,000 
g. av in a High Speed 18 cen tr ifu ge  (MSE, S c i e n t i f i c  Instruments, 
Crawley, S u ssex , UK), u s in g  p o ly c a r b o n a te  tu b es  and a 8 x 50ml 
rotor MSE No. 69182.
4. The su p ern atan t was removed in t o  c l e a n  c e n t r i f u g e  tu b es  and 
c e n t r i f u g e d  fo r  60 mins a t  220,000 gav in  a Kontron K-200 
u ltra cen tr ifu g e  rotor TFT. 5038, using polycarbonate tubes.
5. Following cen tr ifugation  the supernatant ( c y t o s o l ic  fraction ) was 
removed and th e  m icrosom al p e l l e t  resuspended in  0.28M sucrose,
0.5mM MgCl2, 0.7mM EDTA, ImM NaHC03 a t  pH 7.4 u s in g  a 1ml hand 
held  homogeniser (Thomas S c ie n t i f i c  Apparatus, P h ila . P.A).
2:2b D if fe r e n t ia l  p e l l e t in g  o f  Crude Parotid Gland Homogenate
Method : -
1. Parotid glands were rapidly  excised  and lymph nodes removed before  
being p laced in  homogenisation medium at 4°C.
2. Glands were c o a r s e ly  minced by hand u s in g  a s i n g l e  edged razor  
blade prior to  homogenisation, using a potter  type homogeniser (3-  
4 s t r o k e s )  a t  2 ,400 r.p.m in  0.28M s u c r o s e ,  0.5mM MgCl2 , ImM, 
NaHC03 a t  pH 7 .4 , t o  g i v e  an a p p ro p r ia te  10% (w /v) t i s s u e  
homogenate.
3. The homogenate was c e n tr i fu g e d  fo r  15 mins a t  12 ,000 g a v . u s in g  
an MSE high speed 18 centr ifuge (rotor No 69182) and polycarbonate  
c e n tr i fu g e  tubes.
4. The supernatant was removed, p laced in  c lea n  cen tr ifu ge  tubes and 
subjected to  an id e n t ic a l  cen tr ifugation  as  described above.
5. The su p ern atan t was a g a in  removed and a t h ir d  c e n t r i f u g a t i o n  
carried out as above.
6 . P e l l e t s  were re-suspended in 0.28M sucrose contain ing 0.5mM MgCl2,
0.7mM EDTA, ImM NaHC03 a t pH 7.4 using a 1ml hand h e ld  homogeniser 
(Thomas S c ie n t i f i c  Apparatus, P h ila ,  P.A).
i7. A l l  f r a c t i o n s  were kept a t  4°C on i c e  and th e  a c t i v i t y  o f  the  
y -g lu ta m y l  tr a n s p e p t id a s e  a c t i v i t y  determ ined im m ed iate ly  as 
described in  Section 2:4c.
2:2c Preparation o f  B aso la tera l Plasma Membrane V e s ic le s
1. Parotid glands were rapidly  excised  and lymph nodes removed before  
p lac in g  in homogenisation medium at 4°C.
2. G la n d s  w ere c o a r s e l y  m in ced  u s i n g  a s i n g l e  ed ged  r a z o r  
blade and homogenised in 0.28M sucrose, 0.5mM MgCl?, ImM, NaHCOo, 
pH 7.4 u s in g  a^Potter t^pe hom ogeniser (3 -4  s t r o k e s  a t  2 ,400 rpm) 
to  g iv e  an approximate 10% (w/v) t i s s u e  homogenate.
3. The homogenate was centrifuged at 12,000 gav for 40 mins in  a High 
Speed 18 cen tr ifu ge  (MSE S c ie n t i f i c  Instruments, Crawley, Sussex, 
UK) using a 8 x 50ml angle  head rotor (No 69182) and polycarbonate  
cen tr ifuge  tu b e s .
4. F o l lo w in g  c e n t r i f u g a t i o n ,  th e  su p ern atan t was removed from th e
p e l l e t  and loaded onto a continuous 0.5M to  1.7M sucrose gradient
w ith a 2ml cu sh ion  o f  2.0M s u c r o s e ,  in  Kontron p o ly a l lo m e r  
cen tr ifuge  tubes. A l l  sucrose s o l u t i o n s  c o n ta in e d  0.5mM M gC^/
0.7mM EDTA, ImM NaHC03 a t  pH 7.4.
5. Tubes were centrifuged a t  100,000 gav for 18 hrs in  a Kontron K200
u ltra cen tr ifu g e , using a TST 28.38 swing out rotor.
6 . F o l lo w in g  c e n t r i f u g a t i o n ,  f r a c t i o n s  were c o l l e c t e d  by upward 
displacement with 2.3M sucrose s o lu t io n  (Fig 8).
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Figure 8 -  Shows a flow diagram o f  the preparation o f  b a so la tera l  plasma
membrane v e s ic l e s  from homogenised r a t  parotid  glands.
2:2d preparation of Apical Plasma Membrane Sheets
Source
The technique was developed from the p rev io u s ly  published system
used by ( i s s a  e t  a l . ,  1977) to  s ep a ra te  b i l e - c a n a l i c u l a r  fa c e  plasma
membrane from hepatocyte homogenates.
Method
1. Parotid glands were rapid ly  excised , trimmed to  remove lymph nodes 
and placed in homogenisation medium at 4°C.
2. Glands were coarse ly  minced using a s in g le  edged razor blade and 
homogenised in  0.28M s u c r o s e ,  0.5mM MgCl2 , ImM NaHCC>3 , pH 7.4 
u sin g  a P o t te r  typ e  hom ogeniser (3 -4  s tr o k e s )  a t  2 ,400 rpm, to  
g iv e  an approximate 10% (w t/vo l)  t i s s u e  homogenate.
3. The m o la r i ty  o f  th e  homogenate was a d ju s ted  by th e  a d d it io n  o f  
sucrose to  g iv e  a f in a l  m olarity  o f  1.34.
4. A liquots  o f  the homogenate were then p laced  above a 2ml cushion o f  
2.0M s u c r o s e ,  0.5mM MgCl2 , ImM NaHC03, 0.7mM EDTA, pH 7.4 and 
overlayed with 0.25M sucrose 0.5mM MgCl2,lmM NaHC03, 0.7mM EDTA, 
pH 7.4.
5. Tubes were c e n tr i fu g e d  a t  220,000 cf a v . fo r  30 mins in  a Kontron 
K200 c e n t r i f u g e  u s in g  a TFT 50.38 r o to r  and p o ly c a r b o n a te  
c e n tr i fu g e  tubes.
6 . Following cen tr ifugation  the crude a p ica l  plasma membrane fraction  
present at the 0.25M and 1.34M sucrose in ter fa ce  was removed using
a (J-bend p ip e t te  and the sucrose concentration adjusted to  0.25M 
by gradual addition o f  d i s t i l l e d  H20 with mixing.
7. The crude a p ic a l  plasma membrane fraction  was then loaded onto a 
con tin u ou s  0.5M to  1.75M su c ro se  g r a d ie n t  w ith  a 2ml cu sh ion  o f  
2.0M sucrose. A l l  sucrose s o lu t io n s  contained 0.5mM MgCl2, ImM 
NaHC03 , 0.7-mM EDTA a t  pH 7.4.
8 . C e n tr i fu g a t io n  was fo r  a p e r io d  o f  40 mins a t  5 ,000  rpm in  a 
Kontron K200 c e n t r i f u g e  u s in g  a TST 28.38 swing out ro to r  and 
polyaliom er cen tr ifuge  tubes.
9. F o l lo w in g  c e n t r i f u g a t io n  f r a c t i o n s  were c o l l e c t e d  by upward 
displacement using a 2.3M sucrose displacement so lu t io n  (Fig 9).
2:2e I so la t io n  o f Secretion Granules
Source Adapted from the method o f  C ast le  e t  a l  (1975)
1. The p a r o t id  g la n d s  were r a p id ly  e x c i s e d  and c o a r s e l y  minced by 
hand in  homogenisation medium at 4°C.
2. H om ogenisation was in  0.28M s u c r o s e ,  40mM p o tass iu m  ph osp h ate ,
0.2mM EDTA, a t  pH 7.4 u s in g  a / p o t t e r  typ e  hom ogeniser (3 -4  
s t r o k e s )  a t  2 ,4000 rpm t o  g i v e  an approxim ate 10% (w /v) t i s s u e  
homogenate.
3. Large d e b r i s ,  unbroken c e l l s  and n u c l e i  were p e l l e t e d  from th e  
t o t a l  homogenate a t  600 3  a v . fo r  8 min in  p o ly c a r b o n a te  
cen tr ifuge  tubes using a Digifuge cen tr ifuge .
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Shows a flow diagram o f  the preparation o f  ap ica l plasma 
membrane sheets  from homogenised ra t  parotid glands
i4. The r e s u l t i n g  su p ern atan t was la y e r e d  o v er  a s t e p  g r a d ie n t  
c o n s i s t i n g  o f  a 3ml la y e r  o f  0.42M s u c r o s e ,  40mM p otassium  
phosphate, ImM EDTA at pH 7.2 over a 2ml cushion o f  2.0M sucrose, 
40mM potassium phosphate, ImM EDTA, pH 7.2.
5. Tubes were c e n t r i f u g e d  a t  2,100 g av . for  15 mins in  a Kontron K- 
200 c e n t r i f u g e  u s in g  a TFT 5 0 .3 8  f i x e d  a n g l e  r o t o r  and 
polycarbonate cen tr ifuge  tubes, to  y i e l d  a crude granule fraction  
located  at the 0.42 -  2.0M sucrose in terface .
6 . The crude g r a n u le  f r a c t io n  was c o l l e c t e d  u s in g  a U bend p a steu r  
p ip e t te  and the sucrose concentration adjusted to  1.7M using 2.3M 
s u c r o s e ,  40mM p otass iu m  ph osp hate , ImM EDTA pH 7.4. I f  an 
addition o f d i s t i l l e d  water was necessary to  achieve an accurate  
sucrose concentration, t h i s  was done by addition o f  sm all drops to  
r a p id ly  s t i r r e d  g r a n u le  f r a c t io n  in  order t o  p re v en t  l o c a l i s e d  
osm otic  shock.
7. After the correct sucrose concentration was achieved the d i lu te d  
g r a n u le  f r a c t i o n  was la y e r e d  over  a s t e p  s u c r o se  g r a d ie n t  
c o n s i s t i n g  o f  3ml o f  2.1M and 3ml o f  1.9M and co v er e d  w ith  an 
o v e r la y  o f  3ml o f  1.6M s u c r o se .  A l l  su c r o s e  s o l u t i o n s  were 
s u p p le m e n te d  w ith  p o t a s s iu m  p h o s p h a te  and EDTA a t  t h e  
concentration indicated above. Polyallom er cen tr ifu ge  tubes were 
used.
8 . Tubes were then c e n tr i fu g e d  a t  160,000 3  a v . fo r  180 mins in  a 
Kontron K-200 u ltra cen tr ifu g e  using a TST 28.38 swing out rotor.
9. The p u r i f i e d  g ra n u le  f r a c t io n  sed im ented  through th e  1.9M 
su c ro se  to  th e  i n t e r f a c e  o f  the  2.1M and 1.9M s u c r o s e  i n t e r f a c e .  
The fraction  was c o l l e c t e d  using a U-bend pasteur p ip e t te  (Fig 10).
2 :2 f  P rep aration  o f  ClumpedAcini FromParotid Glands
The i s o l a t i o n  tech n iq u e  was adapted from th a t  o f  W il l ia m s  e t  a l  
(1976).
Reagents
i .  Ca2+, Mg2+ free  Hank's balanced s a l t  s o lu t io n ,  pH 7.4, containing  
phenol red as indicator (Flow lab ora tor ies ,  I rv in e ,  Scotland, UK) 
as an indicator o f  pH.
i i .  L15 cu ltu re  medium (Flow Laboratories, I rv in e ,  Scotland, UK).
i i i .  Soya bean trypsin  in h ib itor  (sigma, UK).
iv .  Collagenase (Worthington type II  or Boehringer).
v. Hyaluronidase (sigma, UK).
Method
Male hooded r a t s  o f  th e  U n iv e r s i t y  o f  Surrey s t r a i n ,  w e igh in g  
a p p rox im ate ly  200g , were k i l l e d  by i n t r a p e r i t o n e a l  i n j e c t i o n  o f  
pentobarbitone. The parotid glands were rapid ly  ex c ised , lymph nodes 
and fa t ty  t i s s u e s  were trimmed away and the glands minced c o a r se ly  with 
s c is s o r s .  The t i s s u e  was then incubated for 10 min a t 37°C in  Ca2+ and 
Mg2+ f r e e  Hanks b a la n ced  s a l t  s o l u t i o n  c o n ta in in g  64 U n it s /m l  o f  
C o l la g e n a s e  (Worthington Type I I )  and 500 Units/m l o f  hyaluronidase.
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Figure 10 -  Shows a flow diagram o f  the preparation o f  secretion  7 
granules from homogenised rat parotid gland.
10 ml o f  medium was used for each gram o f  t is su e .  After incubation the 
medium was removed and replaced by fresh medium fo llow ed  by a further 
,40 min incubation. The t i s s u e  was then disrupted by passage through a 
co a rse  n y lo n  mesh and th e  a c i n i  sep a ra ted  from th e  f i l t r a t e  by 
c e n t r i f u g a t io n  fo r  6 mins a t  50 x g. The a c i n i  were washed tw ic e  in  
en zym e-free  Hanks medium and p la c e d  in  L eib ow itz  L-15 medium (Flow  
L a b o r a to r ie s ,  Rickmansworth, H erts) c o n ta in in g  0.01% w /v soya  bean 
trypsin  in h ib i t o r .
2:3a Separation o f  Proteins by SDS Polyacrylamide Gel E lectrophoresis  
Source Laemmli, UK (1970).
Reagents
i .  G el s to c k  : 30g a cry la m id e  (BDH E le c t r a  grade) and 0.8g N,N^ -  
methylene bisacrylamide d i s s o l v e d  in  100 ml o f  d i s t i l l e d  water  
(HIGHLY TOXIC). This  was s to r e d  a t 4°C in  th e  dark ( s t a b l e  fo r  1 
month).
i i .  SDS s to c k  s o l u t i o n  10% sodium d o d ecy l ( l a u r y l )  s u lp h a te  
d is s o lv e d  in d i s t i l l e d  water.
i i i .  Running b u ffe r  : 18.17g T r is  (Sigma, UK -  Trizma grade) 4ml SDS 
s to ck  were made up to  100ml (pH 8 . 8 ).
iv .  S tack in g  b u ffe r  : 6.06g T r is  (Sigma UK -  Trizma g ra d e ) ,  4ml SDS 
stock so lu t io n  were d is so lv e d  in d i s t i l l e d  water (80ml) and the pH 
a d ju s ted  to  6.8 with HCl b e fo r e  a d j u s t in g  the  f i n a l  volum e to  
100ml with d i s t i l l e d  water.
v. E le c tr o d e  b u f fe r  : 6.06g T r is  (sigm a, UK -  Trizma g rad e) , 2 8 .8g 
g ly c in e  were d is s o lv e d  in 1800ml o f d i s t i l l e d  water and 20ml of  
s to ck  SDS s o l u t i o n  added. The pH was a d ju sted  to  8.3 w ith  
hydrochloric acid  and the f in a l  volume adjusted to  2 l i t r e s  with 
d i s t i l l e d  water.
v i .  Sample b u f fe r  : 3.78g T r is  (Sigma, UK -  Trizma grade) 25g 2 -  
m erca p to e th a n o l , 75ml g l y c e r o l  and 5mg Bromophenol b lu e  were 
d i s s o l v e d  in  a p p rox im ate ly  300ml d i s t i l l e d  w ater. The pH was 
a d ju s ted  to  6.8 w ith  h y d r o c h lo r ic  a c id  and th e  f i n a l  volume  
adjusted to  500ml with d i s t i l l e d  water.
v i i .  10% Ammonium persulphate so lu t io n  was prepared immediately before  
use.
v i i i  Gel s ta in  -  250ml propan-2-ol, 100ml g l a c i a l  a c e t ic  acid and 650ml 
o f  d i s t i l l e d  water were mixed and 0.5g o f  Coomassie b lu e  R-250 
added.
aceVic
ix .  Gel d e s t a in  -  1:1:8 m ixture  o f  p r o p a n - 2 - o l ,  g l a c i a l / a c i d  and 
d i s t i l l e d  water.
x. Gel storage : 30ml g ly c e r o l  and 20mg sodium azide were d is so lv e d  
in 1 l i t r e  o f  d i s t i l l e d  water (TOXIC).
Method
i .  Running g e l  was prepared by m ixing ( fo r  a 10% T g e l * )  10ml o f  
running b u f f e r ,  13.3ml g e l  s to c k  and 16.6ml d i s t i l l e d  water. 
P o ly m e r is a t io n  was i n i t i a t e d  by a d d it io n  o f  TEMED (20^1) and 
ammonium persulphate (240^1).
'fc See Section 2:3b
i i .  Stacking g e l  was prepared by mixing (for a 3% T g e l ) ,  2.5ml of  
stacking buffer , 1.0ml o f  g e l  stock and 6.5ml o f  d i s t i l l e d  water. 
P o ly m e r is a t io n  was i n i t i a t e d  by a d d it io n  o f  TEMED (20/<l) and 
ammonium persulphate (60^1).
i i i .  Samples were d i l u t e d  t o  an approximate p r o te in  c o n te n t  o f  lmg 
protein/m l s o lu t io n ,  u s in g  sam ple b u ffe r .  F o l lo w in g  d i l u t i o n ,  
samples were placed  for 3 mins in a b o i l in g  water bath to  ensure 
complete s o lu b i l i s a t io n  and cooled  before ap p lica tion  to  the g e l .
iv .  Once samples were app lied  to  the g e l  w e l l s  and the buffer systems 
assembled, a current o f  20mA was applied u n t i l  the bromophenol- 
blue front reached the stacking gel/running g e l  in ter fa c e ,  when 
the current was increased to  40mA.
v. When the bromophenol b lu e  front was within 0.5cm o f  the g e l  margin 
the g e l  was removed and placed  in s ta in  overnight.
vi. The gel was then destained until a clear background was obtained.
2:3b. P o ly a cr y la m id e  g e l  i s  formed from a cry la m id e  and th e  c r o s s
l in k in g  agent N,N"-methylene-bisacrylamide in the presence o f  ammonium
p e r su lp h a te  a s  i n i t i a t o r  and N ,N ,N ',N '-te tra m eth y le th y len ed ia m in e
(TEMED) as  c a t a l y s t .  The r e a c t i o n s  t a k e s  p l a c e  v i a  v i n y l
polymerisation and gives a random coiled gel structure. For the
d e f i n i t i o n  o f  an a cry la m id e  g e l  i t  i s  n e c e s s a r y  t o  in d i c a t e  the
quantity o f  monomers, i.e .
where T = (acrylamide and bisacrylamide).
i . e .  T = a + b x 100 (%)
where a = acrylamide (g)
b = c r o s s - l in k in g  monomer (g) 
m = volume o f  buffer (ml)
2:4 Enzyme Assays
2:4a Succinate Dehydrogenase
This enzyme was measured as a marker fo r  m itoch ondria  u s in g  a 
method based on that o f  Pennington (1961).
In t h i s  a s s a y  2 - ( p - io d o p h e n y  1 ) - 3 - ( p - n i t r o p h e n y l ) - 5 - p h e n y l  
tetrazo lium  ch lo r id e  (INT) i s  used as an acceptor. Following reduction  
o f  INT, the reaction  i s  stopped with tr ic h lo r o a c e t ic  acid  and the red 
w a te r - so , lu b le  formazan i s  e x tr a c te d  in t o  e t h y l a c e t a t e  and read at  
490nm.
Reagents :-
0.3M -  Sodium succin ate , pH 7.4
0.3M -  Sodium malonate, pH 7.4
0.3M -  Sodium phosphate, (Na2HPO412H20) bu ffer , pH 7.4
INT so lu t io n  (1.5mg/ml) in  0.3m sodium phosphate buffer , pH 7.4
e th y la c e ta te  (AR Grade)
6% (w/v) tr ic h lo r o a c e t ic  acid (TCA)
Method :-
Glass t e s t  tubes (15ml capacity) were s e t  up as fo l lo w s  :-  
T est  : -
0.5 ml homogenate or t i s s u e  fraction  
0.25ml INT in 0.3M phosphate buffer , pH 7.4 
0.25ml 0.3M Sodium su ccin ate , pH 7.4
Blank
0.5 ml homogenate or t i s s u e  fraction  
0.25ml INT in 0.3M phosphate buffer, pH 7.4 
0.25ml 0.3M Sodium malonate, pH 7.4
The tubes were mixed on a Whirlymix (Fisons Ltd, UK) and incubated 
a t  37°C fo r  between 5 and 20 m in utes , u n t i l  a red c o lo u r  was v i s i b l e .  
The reaction  was then stopped by addition o f 1.5ml o f  6% TCA. 4mls o f  
e t h y l  a c e t a t e  was added to  each tu b e , and th e  tu b e s  were shaken to  
e x t r a c t  th e  red c o lo u r  in t o  th e  e t h y l  a c e t a t e .  The tu b es  were then  
c e n t r i f u g e d  fo r  5 m inutes a t  1500g and the upper la y e r  was c a r e f u l l y  
transferred in to  a g la s s  cu v ette  and the absorbance measured a t 490nm.
2:4b Acid a -G1ycerophosphatase
Source Hinton e t  a l . ,  1970
Reagents
0.2M aceta te  buffer containing 0.006% d ig iton in  
0.01M p-nitrophenyl phosphate 
0.1M Sodium hydroxide
Method
0.2ml o f  s u i t a b l y  d i l u t e d  sam ple was mixed w ith  0.3ml o f  0.006% 
(w/v) d ig iton in  so lu t io n  and placed on ice  before add ition  o f  0.5ml of
0.01M p-nitrophenyl phosphate. The tubes were mixed and incubated for 
15 mins a t  37°C then r a p id ly  returned  t o  i c e  b e fo r e  a d d i t io n  o f  4.0ml 
o f  0.1M Sodium hyd roxid e. I f  n e c e s sa r y  tu b es  were c e n t r i f u g e d  (550 jg 
av. for 5 mins) before determination o f absorbance v a lu e s  a t  400nm.
2:4c y -Glutamyl Transpeptidase
Source :-  Rosalki e t  a l  (1970)
Reagents :-
i .  T r i s -g ly c y lg ly c in e .  6.06g o f  t r i s  base and 3.30g o f  g ly c y l - g ly c in e  
were d i s s o l v e d  in  400ml o f  d i s t i l l e d  water a d ju s ted  t o  pH 9.0 
using HCl and made up to  500ml ( s ta b le  for 12 months at -20°C).
i i .  S u b s tr a te  s o l u t i o n .  0.178g o f  Y - g l u t a m y l - p - n i t r o a n i l i d e  were 
d is s o lv e d  in 100ml o f  Tris g ly c y lg ly c in e  (may require warming to  
37°C, s ta b le  a t  0°C for 3 days).
i i i .  35% (v/v) a c e t ic  acid .
iv .  Stock standard (20mM p -n itr o a n i l in e ,  d i lu te d  1:100 for use).
Method :-
0.5ml o f  su ita b ly  d ilu te d  sample was incubated with 2ml o f  6.25mM 
- Y -glu tam yl-p-n itroanilide  d is s o lv e d  in 0.1M Tris/0.05M g ly c y lg ly c in e  
pH 9.0 for between 15 and 150 min at 37°C. The reaction was stopped by 
th e  a d d it io n  o f  1ml o f  35% a c e t i c  a c id  and th e  tu b es  c o o le d  on i c e  
p r io r  to  c e n t r i f u g a t io n  for  10 mins a t  2000 rev /m in . The absorbance  
was determined at 410nm.
2:4d a -Amylase
This enzyme i s  used as a marker enzyme for the sec r e t io n  granules  
o f  the parotid acinar c e l l s .  The method described i s  a m odification  o f  
t h e  d i n i t r o - s a  l i c y  1 i c  a c i d  p r o c e d u r e  o f  B e r n fe ld  (1951). The
h y d r o l y s i s  o f  s t a r c h  by a m y la s e  i s  measured by c o lo r i m e t r i c  
determination o f  the reducing groups produced.
Reagents
S u b str a te  s o l u t i o n .  A 1% s o l u t i o n  o f  s o l u b l e  s ta r c h  (Nordex 
Standard) in a 0.02M sodium glycerophosphate -  HCl buffer , pH 6.9.
Stopping agent. An a lk a l in e  so lu t io n  o f  d in itr o  s a l i c y l i c  acid i s  
prepared as  f o l l o w s ,  lOg o f  3 ,5  d i n i t r o - s a l i c y l i c  a c id  (BDH, UK) are  
suspended in  approximately 200ml o f  water, to  which a s o lu t io n  o f 16g 
o f  NaOH in  150ml o f  water i s  added dropwise w ith  g e n t l e  h e a t in g .  The 
t o t a l  volume i s  adjusted to  1 l i t r e  and the s o lu t io n  f i l t e r e d  through a 
sin tered  g la s s  f i l t e r .  The s o lu t io n  i s  s ta b le  for s ix  months i f  stored  
in the dark at room temperature.
Method
lm l o f  s u b s tr a te  s o l u t i o n  was added to  1ml o f  s u i t a b l y  d i l u t e d  
sample for e x a c t ly  3 minutes o f  incubation at 25°C, 2.0ml o f  stopping  
reagent was added and the tubes placed in  b o i l in g  water for 5 minutes. 
After co o lin g  the reaction mixture was d ilu te d  with 20ml o f  water and 
the colour read at 550nm.
IMPORTANT : I f  t h i s  a s sa y  i s  b e in g  performed on f r a c t i o n s  from a 
sucrose gradient, background v a lu es  from the gradient m ateria l must be 
determined for each gradient.
So lu tion  1 (s tab le)  -  10% w/v arrmonium molybdate
Solution  II  (make fresh) lg ascorbic acid in 35ml H2O, 50ml 1M HC1 
c o o le d  to  0°C, when c o ld  5ml o f  s o l u t i o n  1 and 15ml, 20% SDS (w/v) 
added with rapid  s t i r r i n g .  At t h i s  s ta g e  th e  s o l u t i o n  sh o u ld  be 
y e l lo w , not blue-green.
Solu tion  I I I  (s tab le)  -  2% sodium arsen ite ,  2% sodium c i t r a t e ,  2% 
a c e t ic  a c id .
Assay
500 /a1 o f  a s sa y  medium was added to  100^1 o f  s u i t a b l y  d i l u t e d  
sample to  (jive a f in a l  concentration o f  170mM NaCl 25mM KCl, 4mM Na2 
ATP, 4mM Mg C12, 60mM T r is ,  ImM EDTA pH 7.5. Assay was performed for  
10 min at 37°C and stopped by addition o f 1ml so lu t io n  II and p laced  on 
ice .  After lOmin at 0° c , 1.5ml o f  so lu t io n  I II  i s  added and rewarmed 
t o  37°C, a f t e r  an a d d i t io n a l  10 min th e  absorbance i s  determ ined  at  
705nm.
Nak-ATPase a c t i v i t y  i s  determined from the d if feren ce  between the 
phosphate r e l e a s e d  in  c o n t r o l  tu b es  and th a t  r e l e a s e d  in  i d e n t i c a l
_o
sample containing 10 M ouabain.
2:5 Immunological Techniques
2:5a Crossed Immunoe 1 ectrophoresis
Source :-  Grubb, 1983; a l s o  in Axelson (1983)
Reagents :-
(a) B a r b ito n e -a c e ta te  b u f f e r ,  pH 8. 6, 11.3g d ie th y lb a rb itu r ic  acid ,  
88. 8g d i e t h y l - b a r b i t u r a t e  sodium and 65g sodium a c e t a t e  in  10 
l i t r e s  o f  d i s t i l l e d  water.
Vo<v»©\\ loVervt-
(b) Tank buffer. 3 l i t r e s  o f  barbitone-acetate  buffer were d i lu te d  
with 2 l i t r e s  o f  d i s t i l l e d  water.
(c) 1% Agarose in  b arb iton e  a c e t a t e  b u ffe r  (Agarose A37, Indu biose  
Pharmindustrie, c l ic h y ,  France).
(d) Bromophenol b lu e  : a s m a l l  s p a t u la  t i p  o f  dye was d i s s o l v e d  in  
100ml o f d i s t i l l e d  water.
(e) Coomassie b r i l l i a n t  blue s ta in ,  450ml o f  96% ethanol, 450ml o f  
d i s t i l l e d  water, 100ml o f g l a c i a l  a c e t ic  acid were mixed and 5g 
of Coomassie b r i l l i a n t  b lue  R was added, mixed and l e f t  to  stand 
overnight prior to  f i l t e r i n g .
(f )  D es ta in e r  : 450ml o f  i n d u s t r i a l  m eth y la ted  s p i r i t  (or 96%
e th a n o l)  was mixed w ith  450ml o f  d i s t i l l e d  w ater and 100ml o f  
g l a c i a l  a c e t ic  acid.
(g) 0.9% NaCl.
Method
The e l e c t r o p h o r e s i s  tank was f i l l e d  w ith  tank b u f f e r  and th e  
p l a t e s  prepared , 10ml o f  hot a garose  ( 1% w /v) was spread  e v e n ly - o v e r  
each p l a t e  and a l lo w e d  t o  s e t .  H o les  were cu t  1.5cm from each o f  th e  
lower c o rn ers  o f  th e  p l a t e .  The p l a t e s  were then p la c e d  on a water  
cooled  platform  and the tank s e t  up as shown in the diagram (Fig l ib ) .
One drop o f  bromophenol blue was added to  the r igh t hand w e l l  o f  
the p la t e  and the sample was placed in the l e f t  hand w e l l  (5 or 15ul o f  
sam ple was loaded  depending i f  a 2 or 4mm diam eter  w e l l  was u sed ).
S E C O N D  D I M E N S I O N
F I R S T  D I M E N S I O N
© - - B R O M O P H E N O L  BL U ES A M P L E
C U T  H E R E  B EFO RE S ECOND DIM EN SIO N
FIG 11 a
E L E C T R O P H O R E S I S
P L A T E
W IC K
E L E C T R O D EB U F F E R
CO O L IN G  P L A T F O R M
F I G 1 1  b
Figure 11 b) shows the experimental organ isation  o f  apparatus used during 
crossed immunoelectrophoresis.
d) shows the p la te  trimming procedure used during crossed  
Immunoelectrophoresis.
Once samples were loaded 200V per p la te  was applied and e lec tro p h o res is  
was allowed to  continue u n t i l  the bromophenol tracker dye reached the 
far  edge o f  th e  p l a t e .  The power was then sw itch ed  OFF, th e  p l a t e s  
removed and trimmed as shown in Fig 11a-
A n tise r u m  was p i p e t t e d  i n t o  a t e s t  tu b e  warmed t o  50°C. 
S u f f i c i e n t  aga ro se  was added to  make th e  volume up to  9ml, mixed by 
in v e r s i o n ,  poured onto  th e  p l a t e  and a l lo w e d  to  s e t .  The p l a t e  was 
then connected  t o  th e  b u ffe r  system  u s in g  c le a n  w ick s , th e  power 
sw itch ed  on and a d ju s ted  to  g i v e  a c o n s ta n t  v o l t a g e  o f  45 v o l t s .  
E le c t r o p h o r e s i s  was con tin u ed  for  a t  l e a s t  16 hours. The power was 
then sw itch ed  o f f  and th e  p l a t e s  removed. P l a t e s  were then b l o t t e d  
with f i l t e r  paper and pressed using a thick g la s s  p la t e  (approx 500 
g / p l a t e )  to  p r e s s  (10-15m ins), washed in  0.9% NaCl (1 h r ) ,  b l o t t e d  
aga in  (10-15  m ins), washed in  0.9% NaCl (2 hrs) and f i n a l l y  washed in  
d i s t i l l e d  water (30 mins) b e fo r e  b e in g  d r ie d  in  a c u r ren t  o f  hot a i r .  
The dried p la t e s  were then sta ined  by immersion in Coomassie so lu t io n  
(10 mins) and then destained to  achieve a s l i g h t l y  b lu ish  background.
2:5b Western B lo tt in g
Western b l o t t i n g  experim en ts  were performed a cco rd in g  t o  the  
methods o f  Burnett (1981) and Towbin (1979) u s in g  p r o t e in  s e p a r a t io n s  
on p o ly a c r y la m id e  g e l s  prepared by th e  method o f  Laemmli (1970) s e e  
s e c t i o n  (2:3).
Reagents
Buffer :-
Buffer 1, b lo t  buffer, 1.9M g ly c in e  in 0.25M T ris ,  Buffer 2, wash 
b u f f e r ,  phosphate  b u ffe r ed  s a l i n e  (P.B.S) c o n ta in in g  10% ( v / v )  horse  
serum, 0.2% ( v / v )  T r ito n  x 100.
C e l lu lo s e  n i tr a te  paper (Schleircher and S c h u l l ,  D usseldorf, W. 
Germany) 0.45 m, Whatmann 3mm f i l t e r  paper, Ponceau S s t a i n  (Serva  
Feinbiochemica, Heidelberg). Diaminobenzidine (BDH/UK).
Method :-
The p o ly a c r y la m id e  g e l  c o n ta in in g  th e  s e p a ra ted  p r o t e in s  was 
placed onto c e l l u l o s e  n itra te  paper, care being taken to  remove any a ir  
bubbles, and assembled in to  the b lo t t in g  c a sse t te  as shown in Fig 12. 
The c a s s e t te  was then placed  in the tank containing b lo t  buffer and a 
current o f  40V (app 100mA) was applied overnight.
Following transfer  the c e l l u l o s e  n i t r a t e  paper was removed and 
sta ined (5-10 mins) with Ponceau S so lu t io n  to  confirm correct transfer  
and v i s u a l i s e  molecular weight markers. After marking the p o s i t io n  o f  
these  the s ta in  was removed by r insing  with d i s t i l l e d  water. Following  
th r e e  s u c c e s s i v e  15 minute washes in  b u ffe r  2 th e  c e l l u l o s e  n i t r a t e  
paper was placed in buffer 2 containing the r eq u is ite  f i r s t  antibody at  
an approxim ate c o n c e n tr a t io n  o f  30^g/ml for  a p e r io d  o f  1 hr. The 
c e l l u l o s e  n itra te  paper was washed a further three times (15 min each) 
in  b u f fe r  2 and then p la c e d  in  the  second antibody  s o l u t i o n  fo r  1 hr 
using a 1:200 antibody d i lu t io n  in buffer 2.
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In these experiments the first antibody was raised in rats against
*
either plgA, SC or whole saliva (Anti rat , and (SC) were a kind 
gift from Chester Beaty Cancer Research Centre. The second antibody
Wycombe, Bucks). F o l lo w in g  in c u b a tio n  in  th e  second a n tib o d y  the  
c e l l u l o s e  n it r a te  paper was washed (3x15 mins) in  buffer 2 and for 15 
mins in  PBS.
The b l o t  was then  d e v e lo p e d  in  0.1M T ris-H C l pH 7.5 c o n ta in in g
0.5mg/ml o f  diaminobenzidine ch lo r id e  and 1:5000 parts H2O2 (30 v o ls ) .  
The d iam in ob en zid in e  and H2O2 a c t  as  s u b s t r a t e s  fo r  th e  con ju gated  
peroxidase enzyme o f  the secondary antibody and the reaction  r e s u l t s  in 
p rec ip ita t io n  o f  a brown pigment at the s i t e  o f  antibody binding. The 
s ta in in g  reaction  was stopped on development o f  s u i t a b le  in te n s ity  of  
colour by immersion in double d i s t i l l e d  water.
2:5c Immunohistochemica1 Staining o f  Tissues for Light Microscopy
Parotid glands and the subm axillary /su blin gual g lands were rapidly  
e x c i s e d  from r a t s  and fr o zen  in  hexane c o o le d  to  -60°C  in  c a r d ic e -  
a l c o h o l  (Chayen e t  a l . ,  1973). S e c t io n s  10um t h ic k  were c u t  on a  
B r ig h t  r o c k in g  m icro to m e  in  a c r y o s t a t  m a in t a in e d  a t  -30°CL 
Immunohistochemical s t a i n i n g  o f  th e  s e c t i o n s  was c a r r ie d  out by the  
peroxidase-antiperoxidase procedure (S te rn b e rg e r , 1970). The primary  
a n t i b o d i e s  w ere  r a b b i t  a n t i - r a t  ( q c h a in )  and r a b b it  a n t i - r a t  
(secretory component) whose preparations are documented r e s p e c t iv e ly  m  
Orlans e t  a l  (1978) and Orlans e t  a l  (1979). S p e c i f i c i t y  was confirmed 
both by o m iss io n  o f  primary a n t i s e r a  and by a b s o r p t io n  o f  primary
was a qoafc ; anti ro-lib’tb peroxidase) conjugated antibody (Dako Ltd, High
t
(Fig 20)
a n t i s e r a  w ith  p u r i f i e d  a n t ig e n ,  i . e .  ra t s e c r e t o r y  lg A / \  T his  was 
prepared from crude b i l e  which was f i r s t  passed  through a column o f  
Sephadex G25 in  order to  s e p a r a te  out the  h ig h -m o le c u la r  w eight  
p r o t e in s .  The r e l e v a n t  f r a c t io n s  were then a p p l ie d ,  f i r s t l y  t o  a 
column o f  AcA22 CJltrogel and then for a further p u r if ic a t io n  s tep  to  a 
column of AcA34 U ltr o g e l .  The absorbance o f  the e lu an ts  at 280nm was 
m easured and f r a c t i o n s  t e s t e d  f o r  s e c r e t o r y  igA  by r o c k e t  
e l e c t r o p h o r e s i s .  The p u r i f i e d  s e c r e t o r y  IgA was then bound to  a 
cyanogen bromide-activated Sepharose g e l .  This conjugate was added to  
the antigen in such proportions as to  ensure a 20- f o l d  excess  o f  bound 
s e c r e t o r y  IgA t o  th e  t o t a l  p r o te in  p r e se n t  in  th e  a n t i s e r a  and 
incubated for 18h a t 4°C.
2:6 H istology
2:6a Staining with Haematoxylin and Eosin
S e c t io n s  were taken through x y le n e  and down through a l c o h o l  
2x100%, 2x80% (v /v )  (30 seconds in each) and sta ined in Ehrlich 's  ac id  
haematoxylin (15 minutes). The sec t io n s  were then p laced  in tap water 
u n t i l  a b lu e  c o lo u r  d e v e lo p e d  (5 m ins), d i f f e r e n t i a t e d  w ith  a c id  
a lco h o l (5 seconds) and returned to  tapwater (30 seconds) before being  
counterstained with 1% (v /v )  aqueous eosin  (2 mins). The sec t io n s  were 
r in se d  in  tap water (30 secon d s)  dehydrated in  85% ( v / v )  e th a n o l  (30 
seconds) and 100% ethanol (2x30 seconds), c leared  in xylene and mounted 
in DPX (B ritish  Drug Houses Ltd, Poole, Dorset, UK).
2:6b Periodic A cid-Sch iff (PAS) Reaction
S e c t io n s  were s t a in e d  accord in g  t o  th e  PAS method d e sc r ib e d  in  
(Kiernan, 1981) to  dem onstrate  th e  p resen ce  o f  p o ly s a c c h a r id e s  
(glycogen), neutral m ucopoly-saccharides, m u cop rote in s, g ly c o p r o t e in  
and g l y c o l i p i d s .  c r y o s e c t i o n s  prepared as  d e s c r ib e d  in  s e c t i o n  2. 5c. 
were brought to  water through a lco h o l as described in  X (s  ^ then oxid ised  
in 1% aqueous period ic  acid  (5 mins), washed in  running water (5 mins), 
placed in S ch if fs  reagents (20 mins) washed again in running water (10
mins) and sta ined  in Harris haematoxylin.
2:6c A lcian  Blue
At pH 2.5 t h is  dye binds to  carboxyl and su lphate  e s te r  groups and
was thus used in the present in v e s t ig a t io n  to  id e n t i fy  mucosubstances
which owe th e ir  a c id ity  to  su lphate or carboxyl groups.
Source :-  Kiernan (1981).
Alcian Blue S o lu tion s  :-
Alcian blue l.Og
3% aqueous a c e t ic  acid 100ml
(s tab le  for severa l months at room temperature)
Method
1. Immerse cryosections in d i s t i l l e d  water (1 min).
2. Stain in  A lcian Blue so lu t io n  for 10-15 minutes. I f  wax embedded
sec t io n s  are being used t h i s  incubation period must be extended to  
30 minutes.
3. Wash in running tap water (3 mins).
4. (OPTIONAL) Apply a pink or red counterstain i f  desired .
5. Dehydrate in graded alcohols. Alcian blue is not removed by
alcohol, but counterstains may be differentiated.
6 . Clear in  xylene and mount in  a resinous medium.
Result : -
A l l  acid mucosubstances are stained with deep b lu e  at pH 2.5.
2:7 Electron Microscopy
2:7a preparation o f Tissues for Electron Microscopy 
Method A :-
Based on p e r so n a l  communication from P r o fe s so r  S.J. H o lt  and 
J.T.R. Fitzsimons. M aterial for e lec tro n  microscopy was f ix ed  for 2-4 
hours in  4% (w/v) g lu t a r a ld e h y d e  (TAAB Laboratory Equipment Ltd, 
Reading, Berks, UK) buffered with 0.1M cacodylate  : HNO3 pH 7.4. After  
f i x a t i o n  th e  t i s s u e  was washed o v e r n ig h t  in  c a c o d y la t e  b u f fe r  (0.1M) 
and counterfixed in 2% buffered osmic acid (w/v)/0.1M cacod ylate  HNO3 
pH 7.4 fo r  2 hours a t  room tem perature. F o l lo w in g  co u n ter  f i x a t i o n ,  
t i s s u e s  were dehydrated th r o u g h  a lc o h o l  s o lu t io n s  25%, 50%, 75%, 90% 
( v / v )  and a b s o lu t e  (2 x 10 mins in  each). Dehydrated t i s s u e  was then  
placed in propylene ox id e /ab so lu te  a lco h o l (1:1) for 10 mins fo l lo w ed  
by 2x 10 min in  p ro p y len e  o x id e  and a f i n a l  10 min in c u b a t io n  in  
p ro p y le n e  oxide/E pon 812 (TAAB Laboratory Equipment Ltd, Reading, 
Berks, UK) 1:1 mix. T is s u e s  were tr a n s fe r e d  in t o  Epon 812 f i l l e d  
capsu les  and incubated at 60°C for 48 hrs to  polymerise the res in .
Method B:-
This method was used to  o b ta in  an in c r ea se d  p r e s e r v a t io n  o f  
secretory  component an t ig en e ity  as  compared w ith  th a t  o b serv ed  u s in g  
Method A.
Source Brandtzaeg and Rognum (1984).
Method :-
T is s u e  was f ix e d  in  ca rb od iim id e  (cyanalide) (Sigma UK) prepared
♦
by d is s o lv in g  l -e th y l-3 (3 -d im e th y l-a m in o p r o p y l) carb od iim ide-H C l in  
p h o s p h a te  b u f f e r e d  s a l i n e  (PBS), 2 0 g / l i t r e ,  c o n t a i n i n g  0.5% 
g lu t a r a ld e h y d e .  F ix a t io n  was fo r  a p er io d  o f  22hrs a t  4 °c  and was 
fo l l o w e d  by an o v e r n ig h t  wash in  PBS b u ffe r  (pH 7.6). T is s u e s  were 
then dehydrated through a l c o h o l  as  d e s c r ib e d  in£'^\method A, b e fo r e  
being embedded in LR WHITES resin  which was polymerised at 60°C for 48 
hrs.
2:7b Histochemical Staining o f Tissues for Electron Microsopy
Source :-  Adapted from the method o f  Peppard e t  a l  (1984).
Reagents :-
i .  Blocking reagent 120ml o f 100 v o l  H2O2/ 220ml o f  methanol.
i i .  T r is  b u ffe r ed  s a l i n e  (TBS) 0.9% (w/v) sodium c h l o r i d e  in  0.1M
Tris-H Cl (pH 7.4).
i i i .  TBS containing lOmg/ml Bovine serum albumin
iv .  0.05M Tris-HCl (pH 7.4) containing 2.5mg of 3.3 Diamino benzidine
(DAB) (BDH)
Method
Prior to staining parotid tissue had been incubated with IgA 
specific for horse radish peroxidase.
P a ro tid  t i s s u e  was p la c e d  in  b lo c k in g  reagen t (10 m ins), r in s e d  
(2x 10 mins) in  TBS incubated  in  TBS c o n ta in in g  lOmg/ml BSA (10 mins) 
and p la c e d  in  TBS c o n ta in in g  1.5mg/ml o f  horse  r a d ish  p er o x id a se  (30 
m ins). The t i s s u e  was then removed, washed (2 x 10 mins) in  TBS and 
incub ated  fo r  a fu r th e r  90 mins in  DAB s o l u t i o n ,  to  which 0.1ml o f  1% 
H2O2 was added a f te r  lhr. The t i s s u e  was f i n a l l y  washed 2 x 10 mins in 
PBS and processed for e lec tro n  microscopy as described in  Section 2:7a.
RESULTS
3:1 Histology of Rat Salivary Glands
The s t r u c t u r a l  o r g a n is a t io n  o f  each major s a l i v a r y  g la n d  was 
observed fo llo w in g  s ta in in g  with haematoxylin and eosin  (Fig 13). The 
r e l a t i v e  proportion o f  €>ero4s : and acinar c e l l s  were observed by
PAS and Alcian blue h i s t o l o g i c a l  s ta in s  r e s p e c t iv e ly  (Fig 14 and 15). 
The r e s u l t s  show that serous acinar c e l l s  were present in  both parotid  
and subm axillary glands although the homogeneity o f  c e l l  type present  
in  parotid glands made t h i s  t i s s u e  far more a t t r a c t iv e  with regard to  
subsequent fraction ation  work.
3:2 Immunohistochemical Stain ing o f  Parotid and Submandibular Glands
S a liv a ry  glands were exc ised  and lOym cryosection s  prepared and 
sta ined  to  show the presence o f  Sc or IgA as described in  sec t io n  2:5c.
P a ro tid  g la n d s  s t a in e d  u s in g  a primary a n t ib o d y  t o  s e c r e t o r y  
component oroCchain showed a u b iq u ito u s  g r a n u la r  s t a i n i n g  o f  a c in a r  
c e l l s  p lu s  in ten se  s ta in in g  w ith in  secretory  ducts, the  l in in g  c e l l s  o f  
which were unstained (Fig 16 and 17).
Staining o f  the submandibular gland was not u n ifo rm ^ sta in in g  o f  
SC and IgA was c o n f in e d  t o  c e r t a i n  a c in a r  c e l l s  and th e  duct lumen 
w hile  duct e p i t h e l i a l  c e l l s  were unstained as in  the  parotid  gland (Fig 
17). In sec t io n s  o f  both parotid  and submandibular g lands sta in ed  with 
a n t i ( r a t  enchain) s m a l l  s t r o n g l y  s t a i n i n g  c e l l s  were apparent in  th e  
^  i n t e r s t i t i a l  t i s s u e  which were not p r e se n t  in  n e ig h b o u r in g  s e r i a l
tof§how the D istr ib u tion  o f  Sc and IgA. 
Figure 13
k
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«
-  Shows the general  organisa t ion  of r a t  paro t id  gland (A) and 
r a t  submaxil la ry  and sub l ingual  gland (B).Sachons were. sVo-'.neA 
as deserve.!, ia S e o h o n  ^
D -  Ducts; SM - Submaxil lary;  SL - Subl ingual
Figure 14a - Rat parot id gland s ta ined with PAS (MAG x 10)
Figure 14b - Rat subl ingual  (SLO and submaxi l lary (SM) glands
stained with PAS (MAG x AO)
d p p
Figure 15a - Rat parot id gland s ta ined with Alcian blue pH 2.3  
(MAG x AO)
Figure 15b - Rat subl ingual  (SL) and submaxi l lary (SM) glands  
stained with Alcian blue pH 2.3  (MAG x AO)
Figure 16 - Shows the specificity of staining achieved following 
irranunohistochemical localisation of IgA in rat parotid 
glands. Brown precipitate shows the presence of IgA.
PA - Parotid acinar cells; F - Fatty tissue 
L - Lymphnode (MAG = x 40)
Figure 17a - Shows the relative distribution of IgA within
the parotid glands following immunohystochemical 
staining using a rat (t*: chain) primary antibody 
MAG x 40
Figure 17b - Shows the relative distribution of SC within
the parotid glands following immunohistochemiCCK 
staining using a rat anti SC primary antibody 
MAG x 40
iFigure 18a - Shows the appearance of submaxilliary
glands stained using a rat anti (cC chain) 
primary antibody. MAG x 40
Figure 18b - Shows the appearance of suiimaxilliary 
glands stained using a rat anti SC 
primary antibody. MAG x 40
j P r t .
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s e c t i o n s  s t a in e d  u s in g  a n t i ( r a t  s e c r e t o r y  component) a s  primary  
antibody. These were presumably plasma c e l l s  providing a lo c a l  source 
Of IgA (F ig  19 ) f ^
3:3 Cytology
Electron microscopic examination o f  normal rat parotid glands show 
th e  s t r u c t u r a l  o r g a n i s a t i o n  o f  s e r o u s  a c i n i  w ith  a s s o c i a t e d  
m yoepithe lia l c e l l  (Fig 21) and blood v e s s e l s  (Fig 22). The appearance 
o f  serous a c in i  was a l s o  examined fo llo w in g  a r t i f i c i a l  s t im u la tion  o f  
s a l iv a t io n  by intraperitonea 1 in je c t io n  o f  p ilo ca rp in e  (Fig 23). The 
r e s u l t s  show that t ig h t  junctions are c l e a r ly  v i s i b l e  surrounding lumen 
of  a c in i  which appear 'packed' with e lec tr o n  dense granular m ateria l.  
In addition s u b c e l lu la r  organisation appears comparable to  normal c e l l s  
(Fig^*2$and the lack o f  d is ten s ion  in  endoplasmic reticulum  stacks and 
i n t e g r i t y  o f  m itochondria  su g g e s t  th a t  c e l l s  rem aining v i a b l e  and 
'h ea lth y ' fo l lo w in g  a r t i f i c i a l  s t im u la tion  o f  secretion .
3:4 A nalysis  o f  Whole Rat S a l iv a
Approximately 0.5ml o f  whole rat s a l i v a  was c o l l e c t e d  from each 
250g r a t  f o l l o w i n g  i n t r a p e r i t o n e a l  i n j e c t i o n  o f  p i l o c a r p i n e .  The 
p r o t e i n  com p on en ts  o f  s a l i v a  c o l l e c t e d  were s e p a r a te d  by SDS 
p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  ( F ig  Z f y  and by c r o s s e d  
im m u n oelectrop h ores is  a g a in s t  a n t i  ra t  w hole  s a l i v a  (F ig  25). The 
r e s u l t s  show tw enty a n io n ic  p r o t e in  components o f  w h o le  s a l i v a  
id e n t i f ie d  by coomassie b r i l l i a n t  b lu e  sta in ed  SDS polyacrylam ide g e l s  
c o m p a r e d  t o  s e v e n t e e n  p r o t e i n s  i d e n t i f i e d  b y  c r o s s e d  
immunoelectrophoresis (Fig 25).
Figure 19 - Shows the presence of IgA committed plasma
cells in the interstitium of salivary glands 
visualised using a primary antibody to 
rat c< chain
Figure 20 - Shows a control section of rat parotid gland 
stained as described in Section 2 :5c 
but using antisera absorbed against SIgA
Figures 21 and 22 -  shows th e  g e n e r a l  c y t o lo g y  o f  ra t p a r o t id  a c in a r
c e l l s  and the s tru c tu ra l  organ-isation  o f  parotid  
a c in i .  Tissue was sta ined with osmium and counter 
sta ined with lead/uranyl acetate  (MAF x 6,000).
N -  Nucleus; SG -  Secretion Granules; ME -  M yoep ithe lia l c e l l ;  B -  
B aso la tera l Plasma Membrane; A -  Apical plasma membrane; BV -  Blood 
V essel;  RER -  Rough Endoplasmic Reticulum.
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Figure 23 -  Shows the cyto logy  o f  rat parotid acinar c e l l s  fo l lo w in g  
p ilocarp in e  induced s a l iv a t io n .  Tissues were sta ined  with 
osmium tetrox id e  and counter sta ined with lead  and uranyl 
a ceta te  (MAG x 7,000).
SG -  Secretion  Granules; N -  Nucleus; RER -  Rough Endo-plasmic 
Reticulum; ME -  extensions o f  M yoep ithelia l C e l ls ;  M -  Mitochondria, 
arrows in d ica te  t ig h t  junction complex around lumen o f  a c in i .
’ i-y .
FIG 23
Figure 24 - Shows the component proteins of whole rat saliva separated 
by e l e c t r o p h o r e s i s  in a 10% p o l y a c r y l - a m i d e  gel 
electrophoresis containing SDS and stained with coomassie 
brilliant blue.
MWT = appropriate molecular weight scale.
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Figure 25 - Shows the component proteins of whole rat saliva visualised 
by crossed immunoelectrophoresis against 3% (v/v) anti rat 
whole saliva and stained with coomassie brilliant blue.
The presence o f  serum prote ins  in  whole rat s a l i v a  was determined 
by c r o s s e d  im m u n oe lectrop h ores is  (F ig  26). The r e s u l t s  show e l e v e n  
proteins^secreted fo l lo w in g  p ilo ca rp in e  induced s a l iv a t io n  may be serum 
derived.
3:4a M olecular Weight Determination o f  Sc and igA Found In S a l iv a  and 
Membrane Preparations.
Component p r o t e i n s  o f  w h o le  r a t  s a l i v a  s e p a r a t e d  byrvatvte. 
polyacrylamide g e l  e lec tro p h o res is  were transfered onto n i t r o c e l l u l o s e  
paper by western b lo t t in g  and sta ined  using primary antibod ies  to  rat 
s e c r e t o r y  component or r a t  a ch a in .  The r e s u l t s  show one prominent 
s e c r e t o r y  component band w ith  a m o le c u la r  w eight o f  63 ,000 p lu s  two 
more l i g h t l y  s t a in e d  bands o f  28 ,200 and 25 ,100 m o le c u la r  w e ig h ts  
r e s p e c t iv e ly  (Fig 27). Staining o f  neighbouring tracks with an t i  rat- 
chain showed two high molecular weight sp ec ie s  o f  IgA with molecular  
weights 199,500 and 154,000 r e s p e c t iv e ly  and a fa in t  s t a in  around the  
63,000 molecular weight region (Fig 28).
In order to  determine the m olecular weights o f  c e l l u l a r  secretory  
component and IgA a crude m icrosom al p rep a r a t io n  was i s o l a t e d  as  
described in Section£2<\ . ’V./Component p rote in s  were separated by SDS 
polyacrylamide g e l  e le c tr o p h o re s is ,  transfered by western b lo t t in g  and 
stained using e ith e r  a n t i(ra ta  chain) or a n t i(ra t  secretory  component) 
primary a n t ib o d ies .
The r e s u l t s  show th e  p r e se n c e  o f  two s e c r e t o r y  component bands 
with molecular weights 200,000 and 160,000 r e s p e c t iv e ly  which were not 
present in  whole rat s a l i v a ,  p lu s  three a d d it ion a l sec r e to r y  conponent
bands o f  m o le c u la r  w e ig h ts  75 ,800 , 66 ,800 , 54,900 r e s p e c t i v e l y  (F ig  
27).
The h igh  m o le c u la r  w eight s p e c i e s  o f  IgA o b serv ed  in  s a l i v a  
(molecular weight 200,000 and 114,000) were a l s o  present in  the crude 
microsomal preparation. However, in  addition a further high molecular  
weight IgA band (molecular weight o f  199,500) and two lower molecular  
w eight p r o t e in s  (m o lecu la r  w eight 63 ,000 and 61,000) were p r e se n t  in  
the microsomal preparation (Fig 28).
3:5 In Vivo Transport o f  IgA
3:5a Transport o f  Labelled IgA Into Rat S a l iv a  In Vivo
I n i t i a l  attempts to  introduce 1 ^ 5  la b e l l e d  IgA in to  rat parotid  
glands or s a l i v a  by intravenous in jec t io n  showed very low l e v e l s  of  
incorporation (Fig 29). Therefore an a l t e r n a t iv e  approach was adopted 
u s in g  hybridoma c e l l s  which produce IgA s p e c i f i c  fo r  h orse  ra d ish  
p e r o x id a se  (HRP).
Following in trap eriton ea1 in je c t io n  o f  2xl06 hybridoma c e l l s  per 
ra t,  c l i n i c a l  s ign s  o f  a s c i t e s  appeared a f te r  7-10 days accompanied by 
high l e v e l s  o f  serum HRP-specific IgA (serum l e v e l s  o f  HRP-specific IgA 
were determined by Dr. B.M. Mullock). Samples o f  serum and s a l i v a  were 
c o l l e c t e d  n in e  days a f t e r  th e  a d m in is tr a t io n  o f  hybridoma c e l l s  and 
analysed by E.L.I.S.A to  determine the r e l a t i v e  l e v e l s  o f  HRP s p e c i f i c  
IgA in  each (F ig  30). M icro sco p ic  exam ination  o f  th e  g la n d s  showed 
th a t  some HRP was a l s o  p r e se n t  in  th e  g la n d s  (See S e c t io n  3:5b) and 
some were observed within lymph nodes found in  c lo s e  a s so c ia t io n  with
Figure 26 - Shows the proportion of serum proteins present in whole rat 
saliva observed by crossed immunoelectro-phoresis against 
3% (v/v) anti rat serum.
Figure 27 - Shows the moleculer weight forms of SC observed 
in saliva following seperation of proteins in 
native polyacrylomide gel (7.5 %) (Lane A) 
and in crude microsomal preparations (lane B)
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Figure 28 - Shows the molecular weight forms of IgA observed 
in saliva following seperations of proteins in 
native polyacrylomide gel 7.5% (Lane A) and in 
crude microsonal preparations (Lane B)
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Figure 29 -  Shows an autorad iograp h  off-at p a r o t id  g la n d  f o l l o w - i n g  
intravenous in jec t io n  o f  -*-^1 IgA (MAG = x 40).
SA - Serous Acinar cells; S - Septum between lobule of glands. Arrows 
indicate presence of IgA.
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Figure 30 - Results obtained by E.L.I;S.A method showing levels of 
horse-radish peroxidase IgA in serum and saliva of male 
w/a rats nine days after intraperitoneal injections of 
hybridoma cells. Control animals did not receive hybridoma 
cells.
the parotid  glands (Figs 31 and 32), showing that hybridoma c e l l s  not 
o n ly  r e l e a s e  la r g e  amounts o f  IgA in t o  th e  b lo o d  stream  but a l s o  
migrate to  peripheral lymphoid t i s s u e s  p o ss ib ly  in  a comparable manner 
to  IgA committed B lymphocytes.
3:5b Immunohistochemica 1 L oca lisa t ion  o f  HRP S p e c if ic  IgA in Parotid  
Glands In V ivo.
parotid glands extracted  from rats  nine days a f ter  in trap er iton ea l  
i n j e c t i o n  o f  2 x l 0 6 hyb rid om a c e l l s  w ere s t a i n e d  t o  show t h e  
d i s t r i b u t i o n  o f  HRP s p e c i f i c  IgA (F ig s  31 and 32). The r e s u l t s  show 
t h a t  th e  g la n d u la r  d i s t r i b u t i o n  o f  HRP s p e c i f i c  IgA was d i r e c t l y  
c o m p a r a b le  t o  t h a t  p r e v i o u s l y  o b se r v e d  by im m u n o h is to lo g ic a l  
l o c a l i s a t io n  o f  endogenous IgA (Fig 17). Intense s ta in in g  was observed  
in  acinar c e l l s ,  the in ter s t i t iu m , the ductal lumen and IgA producing 
plasm a c e l l s .  In a d d it io n  c e l l s  producing H R P -sp ec if ic  IgA were 
o b serv ed  w ith in  lymph nodes found in  c l o s e  a s s o c i a t i o n  w ith  p a r o t id  
glands in  v iv o . Thus i t  would appear that hybridoma c e l  l a  producing 
HRP s p e c i f i c  IgA may show s i m i l a r  migratory p roperties  to  endogenouse. 
IgA B lym phocytes s o  p r o v id in g  a ' l o c a l i s e d '  so u r ce  o f  HRP s p e c i f i c  
IgA.
3:6 In V itro  Transport o f  IgA By Rat parotid Acinar c e l l s  
3:6a C ell V ia b i l i ty
P a ro tid  a c in a r  c e l l s  were i s o l a t e d  as d e s c r ib e d  in  S e c t io n  2>2f. 
Approximately 6x10^ c e l l s  were obtained from 2g (wet weight) o f  excised  
parotid glands. C e l l  v i a b i l i t y  was assessed  by the ex c lu s io n  o f  trypan 
b lu e  and remained in  e x c e s s  o f  87% in  a l l  p r e p a r a t io n s  r ep o rted  (F ig
Figure 31a - Shows the distribution of horse-radish peroxidase specific 
IgA (Brown colour) observed in rat parotid glands nine 
days after intraperitoneal injection of hybridoma cells 
producing IgA specific for horse-radish peroxidase.
Figure 31b - Shows rat parotid gland from control animals who did not 
receive hybridoma cells also stained to show the presence 
of horse-radish_peroxidase IgA. _  ___
Figure 32 - Shows lymph node situated adjacent to rat parotid glands in 
v i v o  stained to show the presen ce  of h o r s e - r a d i s h  
peroxidase IgA (MAG = xlO). The arrow shows specifically 
staining cells.
33). In a d d it io n  a more c r i t i c a l  a ssessm en t o f  c e l l  v i a b i l i t y  was 
performed by e lec tr o n  microscopy, fo l lo w in g  a 1 hour incubation a t 4°C 
and a 2 hour incubation a t 37°C comparison o f  Figs 2 and 35, shows the  
ch a r a c te r is t ic  c e l l u l a r  p o la r i ty  o f  parotid acinar c e l l s  in v iv o  i s  
r e ta in e d  in  v i t r o ,  a l s o  i s o l a t e d  c e l l s  appear ' h e a l t h y '  showing no 
d is te n t io n  o f  ER stacks or d isruption o f  mitochondria.
The adopted method o f  c e l l  i s o l a t i o n  and subsequent in b u b ation  
c o n d i t io n s  t h e r e f o r e  produces v i a b l e  c e l l s  w ith  a w e l l  p r e se r v e d  
fu nctional p o la r i ty  s u i ta b le  for the in v e s t ig a t io n  o f  in  v i tr b  protein  
transport experiments.
3 :6b Binding o f  IgA to  Parotid Acinar C e l l s  In V itro
Two exp erim en ts  were performed t o  determ ine  th e  degree to  which 
i s o la t e d  parotid acinar c e l l s  would bind and r e le a s e  -^2^I l a b e l l e d  IgA 
(■*-2^I IgA). In both exp erim en ts  c e l l s  were i s o l a t e d  a s  d e s c r ib e d  in  
S e c t io n  2 : 2 f ,  in cu b ated  a t  4°C fo r  1 hour w ith  -*-25I IgA washed th r e e  
times with L15 medium and incubated a t  37°C for up to  2 hours. For the  
purpose o f  th e s e  exp er im en ts  th e  z er o  t im e p o in t  was taken  t o  be 
immediately prior to  incubation at 37°C.
The p r o p o r t io n  o f  1^-25 i n i t i a l l y  bound t o  a c in a r  c e l l s  was 
defined as the sum t o t a l  o f  p ro te in -a sso c ia ted  counts (those retained  
by a Diaflow plO membrane) re leased  during the f u l l  incubation period, 
p lu s  those counts which remain asso c ia ted  with c e l l s  throughout.
EXPERIMENT 1 -  The r e le a s e  o f  i n i t i a l l y  bound ^25I IgA from is o la t e d  
c e l l s  a t  37°C was a s s e s s e d  during  two s u c c e s s i v e  1 hour in c u b a t io n s  
(F ig  36). The r e s u l t s  show 56% o f  i n i t i a l l y  bound ^25i  igA was
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Figure 33 - Shows an average cell viability observed throughout the 
1 adopted in vitro transport procedure as assessed by the
method of trypan blue exclusion.
iFigure 34 -  Shows the c h a r a c te r is t ic  p o la r i ty  o f  serous acinar c e l l s  in  
• rat parotid  g lands in v ivo . The sec t io n s  were stained with 
osmium te tro x id e  and counterstained with lead/tyirynylacetate  
MAG = (x 9 ,000 ) .
N -  Nucleus; SG -  Secretion Granules; ME -  M yoep ithelia l c e l l ;  M -  
Mitochondria; RER -  Rough Endoplasmic Reticulum.
Figure 35 -  Shows p a r o t id  a c in a r  c e l l s  in  v i t r o  f o l l o w i n g  a 1 hr 
incubation at 4°C and a subsequent 2hr incubation a t  37°C. 
C e l l s  w ere  s t a i n e d  w i th  osmium t e t r o x i d e  b u t NOT 
counterstained with lead/uranyl ace ta te ,  MAG = x6,000.
N -  N u c leu s;  SG -  S e c r e t io n  Granules; RER — Rough Endoplasmic 
Reticulum.
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125Figure 36 -  Shows the percentage re le a se  o f  bound I IgA from ra t  
parotid acinar c e l l s  in  v i tr o  during two su ccess iv e  
s ix ty  minute periods o f  incubation a t 37°C, p lus counts 
which remained bound to  c e l l s  throughout. The IgA was 
i n i t i a l l y  bound to  the c e l l s  by incubation a t  4°C as 
described in  the te x t .
r e le a s e d  a f t e r  1 hour and a fu rth er  25% was r e l e a s e d  during a 
subseguent 60 min incubation, leav ing  a residual 21% s t i l l  a ssoc iated  
with c e l l s .
EXPERIMENT 2 -  As the majority o f i n i t i a l l y  bound ^ 5 j  igA was re leased  
before the f i r s t  time point o f  experiment 1, a further experiment was 
performed in  which th e  r e l e a s e  o f  125j jgA was m onitored over  th ree  
s u c c e s s i v e  30 min in cu b a tio n  p e r io d s .  The r e s u l t s  show th a t  th e
1 o c
r e le a se  o f  i n i t i a l l y  bound x IgA during su c ce s s iv e  incubations was
75%, 8.7% and 3% r e s p e c t i v e l y  (F ig 37) l e a v i n g  a r e s id u a l  13.7% o f  
1 25i n i t i a l l y  bound XXJI IgA s t i l l  associated  with the acinar c e l l s .
Due to  th e  'c lum ped' nature o f  a c in a r  c e l l s  used in  th e s e  
p r e p a r a t io n s ,  i t  i s  p o s s i b l e  th a t  unbound 125j j g A  ^ may r e ta in e d  
w ith in  c e l l  c l u s t e r s  t o  v ary in g  d e g rees .  As such th e  very  high  
p ercen ta g e  r e l e a s e  o b serv ed  during th e  f i r s t  30 m inutes  in c u b a t io n  
p er io d  o f  experim ent 2 may p a r t i a l l y  r ep r e s e n t  a c o n tin u ed  washing  
e f f e c t .  However, both experiments 1 and 2 show binding of^IgA during a 
1 hour in cu b a tio n  a t  4°C in  v i t r o .  In a d d it io n  th e  m a jo r ity  o f  IgA 
bound during t h i s  p er io d  i s  s u b s e g u e n t ly  r e l e a s e d  during  a 2 hour 
incubation a t 37°C p o s s ib ly  within the f i r s t  th ir ty  minutes.
3:6c L oca lisa t ion  o f  IgA Bound To Parotid Acinar C e l l s  In v i t r o
C e l l s  were i s o la te d ,  incubated for 1 hour a t 4°C with HRP s p e c i f i c  
IgA, washed th re e  t im es  w ith  L15 medium and s t a in e d  as  d e s c r ib e d  in  
Section 2:7b. The r e s u l t s  show a d is t in c t  'coa tin g ' o f  IgA around the  
b a s o l a t e r a l  domain o f  th e  c e l l s  w ith  an absence  o f  s t a i n  a lo n g  the  
a p ica l  plasma membrane (Fig 38). This therefore  provides ev idence  that  
secretory  component i s  present on the b a so la te r a l  plasma membrane o f
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125Figure 37 -  Shows the percentage re lease  o f  I IgA from r a t  parotid  
acinar c e l l s  in  v i tr o  during three su ccessive  th ir ty  
minute periods o f incubation a t  37°C, plus counts which 
remained bound to  c e l l  throughout. The IgA was i n i t i a l l y  
bound to  c e l l s  by incubation a t  4° as described in  the  
t e x t .
Figure 38 -  Shows an i s o la te d  rat parotid acinar c e l l  sta ined  to  show 
the lo c a l i s a t io n  o f  h o rse -ra d ish  p ero x id a se  s p e c i f i c  IgA 
bound to  th e  c e l l  during a lh r  in cu b a tio n  a t  4°C. Arrows 
in d ica te  IgA.
N -  Nucleus; SG -  Secretion Granules; M -  Mitochrondria; RER -  Rough 
Endoplasmic Reticulum; BL -  B aso la tera l plasma membrane domain; AP -  
A p ic a l  plasma membrane domain. T is su e  was s t a in e d  w ith  osmium 
t e t r o x i d e  but not c o u n te r s ta in e d  w ith  le a d /u r a n y l  a c e t a t e  (MAG = 
10, 000).
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FIG 3 8
i s o la te d  acinar c e l l s  and that s p e c i f ic  membrane domains are preserved  
during preparation and subsequent incubations.
3:6d Q u a l i ta t iv e  A nalysis  o f  Secretions From Iso la ted  Rat parotid  
Acinar C e l l s  In V itro
The e x te n t  o f  c e l l u l a r  tr a n sp o r t  and s e c r e t i o n  o c cu r in g  in  
i s o la te d  parotid acinar c e l l s  was assessed  by monitoring the r e le a s e  of  
p r o t e in s  in t o  th e  in c u b a t io n  medium during four su c ce ss iv e  30 minute 
incubations at 37°C.
Proteins re leased  during each 30 minute incubation were separated  
by SDS p o ly a c r y la m id e  e l e c t r o p h o r e s i s  (Fig 39). T w elve  a n io n ic  
prote ins were v i s i b l e  in each 30 minute sample fo l lo w in g  s ta in in g  with 
coomassie b r i l l i a n t  b lue  (R-250).
A n a ly s i s  o f  th e  p r o t e in s  r e l e a s e d  by w estern  b l o t t i n g  u s in g  an 
an ti (rat whole s a l iv a )  primary antibody showed e igh t or nine protein  
bands p r e se n t  in  each t h i r t y  minute sam ple (F ig  40). T h ere fore  the  
prote ins  re leased  by the acinar c e l l s  are s a l iv a r y  prote ins .
The ' l e n s '  l i k e  p a t te r n s  which appear in  F ig  40 and th e  in t e n s e  
s t a i n i n g  p r o te in  band o f  44,000 mwt in  Fig 39, are  due t o  th e  high  
proportion o f  bovine serum albumin used in th is  preparation in order to  
reduce mass aggregation o f  i s o la te d  c e l l s .
3:6e Q uantitative  A nalysis  o f  S a liv a ry  Proteins Secreted by Parotid  
Acinar Cel I s  In V itro
Samples from each 30 minute time point above were concentrated by
Figure  39 - Shows p r o t e i n s  s ec r e t e d  by r a t  p a r o t i d  a c i na r  c e l l s  in 
v i t r o  s e p a r a t e d  by e l e c t r o p h o r e s i s  in a 10% 
po lyac ry l amide  gel  in the absence of  d e n a t u r in g  age n t s .  
The gel  was s t a i n e d  wi t h  cocmass ie  b r i l l a n t  b lue  R. 
Tracks A, B, C, and D r e p r e s en t  p r o t e i n s  r e l e a s e d  dur ing  
four s u c c e s s i v e  t h i r t y  mi nu tes  i nc uba t i on  pe r i ods  a t  
37°C. Track E r e p r e s e n t s  p r o t e i n s  r e l e a s e d  dur ing  one 
con t inuous  hour of  i ncuba t i on  but  a t  1/2 the
c o n c e n t r a t i o n  of  o the r  t r ac ks  ena b l i n g  r e s o l u t i o n  of 
i n t e n s e l y  s t a i n i n g  band marked by a r row i n t o  two 
d i s t i n c t  bands .
IFigure 40 -  Shows w estern  b l o t  o f  p r o t e in s ,  s e c r e te d  by i s o l a t e d  rat  
parotid acinar c e l l s ,  sta ined using a primary antibody to  
whole rat s a l i v a .  Tracks A, B, C and D represent prote ins  
released  during four su ccess iv e  th ir ty  minutes incubation  
p er io d s  a t  37 C. Track E r e p r e s e n ts  p r o t e in s  r e le a s e d  
during one co n tin u o u s  hour o f  in cu b a tio n  but a t  1 /2  th e  
co n c e n tr a t io n  o f  o th er  tr a c k s  e n a b l in g  r e s o l u t i o n  o f  
i n t e n s e l y  s t a i n i n g  band marked by arrow  i n t o  two 
d is t in c t  bands. L, Lens shaped bands caused by high l e v e l s  
o f  b o v in e  serum a lbu m in  added t o  i n c u b a t i o n  medium 
containing acinar c e l l s  in order to reduce mass aggregation  
during incubation .
FIG 4 0 .
a fa c to r  o f  ten  (by f i l t r a t i o n  through a d ia f lo w  P10 membrane) and 
analysed by crossed immunoelectrophoresis using an antibody to  whole 
rat s a l i v a .  This method o f  p r o te in  a n a l y s i s  i s  l e s s  s e n s i t i v e  than 
w estern  b l o t t i n g ,  however p r o t e in s  i d e n t i f i e d  by t h i s  method can be 
more e a s i l y  quantified .
Five s a l iv a r y  prote ins  were id e n t i f ie d  in each 30 minute sample 
and have been a sc r ib e d  a r b i t i a r y  numbers one to  f i v e  (F ig  41). 
P r o te in s  2 ,3  and 5 show an in c r e a s e d  r a te  o f  r e l e a s e  s t a r t i n g  during  
the second 30 minute incubation and then show s im ila r  increases in  rate  
of  secretion  over the subsequent 90 minutes o f  incubation. In contrast  
s a l i v a r y  p r o t e in s  1 and 4 show a co n s ta n t  r a te  o f  s e c r e t i o n  over  th e  
f u l l  2 hour incubation period.
3:6f Id e n t i f ic a t io n  o f  SC and IgA in secret io n s  from parotid  acinar 
c e l l s  in v i t r o .
2*2f "1 2 ^C e l l s  i s o la te d  as described in  S e c t io n ^  were incubated with I 
IgA for  1 hour a t  4°C, washed th r e e  t im es  in  e x c e s s  L15 medium and 
incubated for one s in g le  2 hour period a t  37°C. Following incubation, 
the medium was removed from c e l l s  and concentrated by a factor  o f  ten  
u sin g  d ia f lo w  P10 f i l t e r  , S e c re te d  p r o t e in s  were then
analysed by s p l i t  g e l  crossed immunoelectrophoresis using antibod ies  to  
rat SC (F ig s  43) and ra t  a lp h a  ch a in  (F ig s  44). Both were used in  
combination with upper g e l s  containing an ti (rat whole s a l i v a ) .
The r e s u l t s  show two p r o t e in s  are s p e c i f i c a l l y  p r e c i p i t a t e d  by 
both a n tira t  SC and an ti  (ratocchain). The protein  p r e c ip ita te  marked 
A in F igs  43 and 44 has a com parable shape and l o c a t i o n  to  s e c r e t o r y  
IgA (slgA) o b serv ed  in  b i l e .  However th e  l e s s  w e l l  d e f in e d  p r o te in
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Figure 41 -  Shows th e  r e l a t i v e  l e v e l s  o f  5 i n d i v i d u a l  s a l i v a r y  
p r o t e in s  s e c r e te d  from p a r o t id  a c in a r  c e l l s  in  v i t r o .  
Q u a n tita t io n  was performed by monitoring the l e v e l s  o f  
each p r o te in  s e c r e t e d  during  four s u c c e s s i v e  t h i r t y  
minute in cu b a tio n  p e r io d s  a t  37°C by c r o s s e d  immuno 
e lec trop h ores is  against an t i  whole rat s a l i v a .
Figure 42 -  Shows w estern  b l o t s  o f  p r o t e in s  s e c r e t e d  by ra t  p a r o t id  
a c in a r  c e l l s  in  v i t r o  during a co n tin u o u s  2hr in c u b a t io n  
p er io d  a t  37°C. Track A was s ta in e d  u s in g  a primary  
antibody t o  ra t  s e c r e t o r y  component. Track B was s t a in e d  
u sin g  a primary an tib od y  to  ra t  a ch a in . Track C shows a 
western b lo t  o f  a secretio n  granule preparation sta ined to  
show the presence o f  SC for comparison.
MWT = approximate molecular weight s c a le
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p r e c i p i t a t e  marked B in  F ig s  43 and 44 appears to  have to o  lower  
molecular weight to  be slgA and could p o ss ib ly  be a degradation product 
of  the prote in  in band A. Therefore, parotid acinar c e l l s  do secre te  
slgA in v itr o .
The occu rren ce  o f  s e c r e t o r y  component and IgA in  th e  s e c r e t i o n s  
from is o la te d  c e l l s  was a l s o  assessed  by western b lo t t in g  o f  proteins  
sep a ra ted  by SDS p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s .  One s i n g l e  
p r o t e in  o f  m o le c u la r  w eight 60,000 was s ta in e d  u s in g  an a n t i  (ra t-  
<c cha in ) primary a n t ib o d y , w h i le  two f a i n t  p r o te in  bands o f  m o le c u la r  
weights 56,400 and 75,000 r e s p e c t iv e ly  were sta ined  using an an t i  (rat 
secretory  component) primary antibody (Fig 42). Although the prote ins  
id e n t i f ie d  by both antibodies are very f a in t ly  sta ined  the reactions  
are  s p e c i f i c  and show th a t  both s e c r e t o r y  components and IgA are  
re leased  by acinar c e l l s  in  v i tr o .
3:7 C ell Fractionation
The fundam ental aim o f  th e s e  f r a c t io n a t io n  p ro ced u res  was to
obtain an optimal I separation o f  the two plasma membrane domains o f  the
parotid acinar c e l l s  and a l s o  to  separate both o f  th ese  fra c t io n s  from
K
secretio n  granules. : In a l l  fra c tio n a tio n  experiments the marker enzyme
Na+/K+ ATPase (Ouabain s e n s i t iv e ) ,y  -Glutamyl transpeptidase
(Y-GT), a -a m y la s e ,  a c id  ph osp hatase  (AP) and s u c c in a t e  dehydrogenase
(SD) were used a s  marker enzymes fo r  b a s o l a t e r a l  p lasm a membry/ane,
a p ica l  plasma membrane, secretio n  granules, lysosomes and mitochondria
r esp e c t iv e ly .
Such preparations could then he used to inves t iga te  the subcellular  d is tr ib u t ion  j
of  IgA or s c .  In addition analas is  o f  the^molecular weight o f  SC within the various j
membrane fract ions  would be necessary to f u l l y  characteris the mechanism o f  I g A  j
transport in rat parotid glands.  |
Figure 43
Figure 44
-  S p l i t  g e l  c r o s s e d  im m u n o -e lec tro p h o res is  o f  p r o t e in s  
s e c r e te d  by ra t  p a r o t id  a c in a r  c e l l s  in  v i t r o  du rin g  one 
continuous 2hr incubations a t  37°C. Using an t i  rat whole 
s a l i v a  in  th e  upper g e l  and a n t i  ra t  Sc in  th e  l i v e r  g e l  
(A) o r t e  a n t i s e r a  in  th e  low er  g e l  (B). Arrows i n d ic a t e  
proteins s p e c i f i c a l l y  p rec ip ita ted  by an ti  rat Sc.
-  S p l i t  g e l  c r o s se d  im m u n oe lectrop h ores is  o f  p r o t e in s  
s e c r e t e d  by ra t  p a r o t id  a c in a r  c e l l s  in  v i t r o  du rin g  one  
s i n g l e  in c u b a t io n  fo r  2 hrs a t  37°C u s in g  a n t i  r a t  w hole  
s a l i v a  in  th e  upper g e l  and e i t h e r  an t ib od y  toSCchain (A) 
or no a n tib o d y  (B) in  th e  low er  g e l .  Arrow i n d i c a t e s  
protein s p e c i f i c a l l y  p rec ip ita ted  by a n t i  rat a chain.
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3:7a Preliminary Separation Following Pelleting
As p r e v i o u s l y  p u b l i s h e d  methods of rat p a r ot id g l a n d  
fractionation were based on repeated pelleting and resuspension of 
materials a preliminary experiment was performed simply to determine 
the degree of aggregation induced by such enforced contacts.
A crude p o s t - n u c le a r  supernatan t o b ta in ed  a s  d e s c r ib e d  in  
Section 2 :2e  (part 3), was centrifuged at 41,250 g av. for 40 mins in a 
Kontron K200 c e n t r i f u g e .  The r e s u l t i n g  p e l l e t s  were resuspended in  
0.25M sucrose, layered over a 0.3-1.7M sucrose gradient and centrifuged  
as d e s c r ib e d  in  S e c t io n  2:2d (part 8). R e s u l t s  show th a t  a lth o u g h  a 
high percentage recovery o f  gamma-GT (82%), Na+/K+ ATPase (60%) and a -  
amylase (67%) was achieved, r e s o lu t io n  between th e s e  f r a c t i o n s  a lo n g  
th e  s u c ro se  g r a d ie n t  was poor and u n c h a r a c t e r i s t i c a l l y  h igh  d e n s i t y  
fra c t io n s  o f  each marker enzyme was observed (Fig 45).
3:7b preliminary Isop icn ic  Separation
Crude separation o f  component o r g a n e l le s  from rat parotid gland  
homogenate was i n i t i a l l y  performed u s in g  one s i n g l e  i s o p i c n i c  
cen tifu gation  along a 0.3-1.7M sucrose gradient at 100,000 g av. for 18 
hrs in a Kontron K200 cen tr ifu ge  using a TST 2838 rotor The r e su lt in g  
d i s t r i b u t i o n  o f  o r g a n e l l e  f a c t i o n s  r e p re sen ted  in  F ig  46  ^ show 
considerable  cross  contamination o f  secretion  granules and both plasma 
membrane d om ain s . As s u c h ,  a more s o p h i s t i c a t e d  m ethod o f  
fraction ation  was developed.
C r o s s - h a t c h e d  a r e a s  r e p r e s e n t  t h e  p r o p o r t i o n  o f  e a c h  m a r k e r  enzyme 
n o t  p r e s s e n t  i n  t h e  i n i t i a l  p e l l e t . s e e  s e c t i o n  3 . 7 a .
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- Shows the distribution of marker enzymes following pelleting 
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Figure 46 - Shows d i s t r i b u t i o n  o f  marker enzyrre fo l low ing  i s o p i c n i c  
separat ion o f  c e l l u l a r  f r a c t io n s  from crude hcmogenate.  
(1)  Acid phosphastase, (2)  Na +/ K +ATPase, (3)  
alpha-amylase,  (4)  Succ inate  dehydrogenase, (5)  
ganrcm-glutamyl tran spept id ase .
3:7c Preparation of Apical Plasma Membrane Sheets Using a Final
Iso p icn ic  Centriguation Step
As separation o f  component o r g a n e lle s  from crude parotid  gland  
homogenate could not be achieved on the c r it e r ia  o f  equilibrium  d en sity  
a preparatory rate cen tr ifu g a tio n  s tep  was employed.
A crude fraction  o f  a p ica l  plasma membrane sh eets  was obtained  
from parotid gland homogenate by a preliminary f lo t a t io n  procedure as 
described in sec t io n  2:2d. The r e s u l t s  show that fo l lo w in g  f lo t a t io n  
the in ter fa ce  band contained the fo l lo w in g  proportions o f  marker enzyme 
a c t i v i t i e s ,  expressed as percentage o f  o r ig in a l  homogenate a c t iv ity .Y  -  
GT (78%), Na+/ K + ATPase. (33%), SD (22%), a - a m y l a s e  (33%) p l u s  
a p p r o x im a t e ly  36% o f  t o t a l  p r o t e i n .  S u b se q u e n t  i s o p y c n i c  
c e n t r i f u g a t io n  o f  t h i s  f r a c t i o n  a g a in  r e s u l t s  in  co-sedimentation o f  
fra c t io n s  from both plasma membrane domains and secre t io n  granules (Fig 
47).
3:7d Preparation o f  Apical Plasma Membrane sh eets  Using A Final
Rate C entrifugation S tep .
The r e s u l t s  from t h i s  p r e p a ra t io n  show th a t  th e  p e r ce n ta g e  o f  
component marker enzymes in  the in ter fa ce  fra c tio n  fo l lo w in g  f l o t a t io n ,  
e x p ressed  as  p e r ce n ta g es  o f  th e  t o t a l  homogenate, y GT (68.9%), AP 
(28%), a-am ylase  (35%), Na+/K+ATPase 41% and t o t a l  prote in ,  
was 34%. Following a subsequent rate  cen tr ifu gat ion  a t 5,000 rpm for  
40 mins the r e su lt in g  d is tr ib u t io n  o f  marker enzyme a c t i v i t y  along the  
0.3-1.7M su c r o se  g r a d ie n t  (F ig  48) showed th a t  th e  r e s o l u t i o n  o f  the  
two plasm a membrane domains, both from each o th er  and from s e c r e t i o n
Figure 47 -  Show the d i s t r i b u t i o n  o f  marker enzymes fo l low ing  
i s o p ic n i c  separat ion o f  c e l l u l a r  fr a c t io n s  taken from 
the in te r fa c e  band fo l low ing  preparatory f l o t a t i o n .  
(1)  gamra-glutamyl transpept idase ,  (£)  alpha-amylase,
(3) succ in ate  dehydrogenase,  (4 Na /K ATPase, (5)  Acid 
phosphatase,  (6)  p ro te in .
Cross-hatched areas represent  the proportion o f  each 
marker enzyme which was not present in the in t e r fa c e  
band fo l lowing  f l o t a t i o n .
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Figure 48 -  Shows the d is tr ib u t io n  o f  marker enzymes fo llow in g  rate
separation o f  c e l lu la r  fra c t io n s  taken from the in ter fa ce  
baijid fo llow ing preparatory f lo t a t io n .  (1) Sodium 
Na /K ATPase, (2) acid  phosphatase, (3) alpha amylase
(4) gamma glutamyl transpeptidase, (5) p ro te in .
Cross-hatched areas represent the proportion o f  each 
marker enzyme which were not present in  the in ter fa c e  
band fo llow ing  f lo t a t io n .
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g r a n u le s  has been g r e a t l y  improved over  r e s u l t s  o b ta in ed  by f i n a l  
iso p ic n ic  centr ifugation  (S e c t io n  3:7c).
3 :7e Preparation o f B asolateral plasma Membrane Fractions
D i f f e r e n t i a l  p e l l e t i n g  o f  crude p a r o t id  g la n d  homogenate as
described in Section 2:2b shows that cen tr ifugation  at 12,000 g av. for
40 m inutes would e f f e c t i v e l y  remove 89% o f  Y-GT p r e s e n t  in  t o t a l  
(m r*<!cd
homogenatei The r e s u l t s  from subsequent iso p ic n ic  separation o f  the 
res id u a l supernatant a lo n g  a 0 .3 -1 .7M su c ro se  g r a d ie n t  (S e c t io n  2:2c)  
show c l e a r ly  that although approximately 25% of Na+/K+ ATPase a c t i v i t y  
i s  l o s t  by p r e l im in a r y  p e l l e t i n g  th e  r e s id u a l  b a s o l a t e r a l  plasma  
membrane fra c tio n , d is tr ib u ted  along the gradient with a median density  
o f  1 .16, i s  r e l a t i v e l y  c le a r  o f  con tam in ation  from a p i c a l  plasm a  
membrane or secretion  granule fra c tio n s  (Fig 49b>
3:7f L ab ellin g  o f B aso la tera l Plasma Membrane V e s ic le s  With A2^! IgA
*251 IgA was added to  fr e sh ly  homogenised rat parotid  g lands and 
mixed a t  4°C fo r  15 m in utes . Samples o f  homogenate were then  
f r a c t i o n a t e d  a s  d e s c r i b e d  in  S e c t i o n  2 :2 c  and t h e  r e l a t i v e  
d i s t r i b u t i o n  o f  125j j g A an  ^ t ^e b a s o l a t e r a l  plasm a membrane marker 
enzyme Na+/K ATPase observed along the 0.5-1 .7M sucrose gradient.
In order t o  d i f f e r e n t i a t e  between th e  d i s t r i b u t i o n  o f  'membrane 
bound' -*-25I IgA from th e  e x c e s s  o f  f r e e  -l-25I IgA p r e s e n t  in  th e  
homogenate. Fractions from the 0 .5 -1 .7  su c r o s e  g r a d ie n t  were d i l u t e d  
1 /3 0  w ith  0.25M su c r o se  and c e n t r i f u g e d  a t  220,000 g av . fo r  60 m ins, 
u s in g  a K ontron K -200 c e n t r i f u g e  ( u s i n g  r o t o r  TST5078) and
Figure 49a Shows r e s u l t s  from d i f f e n t i a l  p e l l e t i n g  o f  crude  
parot id  gland hcmogenate a f t e r  three  s u c c e s s iv e  15 
minute c e n tr i fu g a t i o n  steps  a t  12,000g average .  PI,  P2 
and P3 represent proportion o f  gamma glutamyl  
transpept idase  a c t i v i t y  in p e l l e t s ,  frcm the three  
s u cces s iv e  c e n tr i fu g a t io n s  w hi le  S3 represent  gamma 
glutamyl transpept idase  remaining in the super natant  
fra c t io n  a f t e r  the f in a l  c e n tr i fu g a t io n .  H represents  
orginal  hcrrogenate gamma glutanryl transpept idase  
a c t i v i t y .
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Figure 49B - shows the d i s t r i b u t i o n  of  marker enzymes fo l lowing  
preparation of  b aso la tera l  plasma membrane v e s i c l e s .  
1 )Q amylase ^ 2 )  gamma glutamyl transpept idase  3) 
protein 4) Na*/K ATPase 3) Acid phosphastase.  Crossed 
hatched areas on each graph represent the percentage of  
each marker enzyme p e l l e t e d  during the preparatory  
d i f f e r e n t i a l  p e l l e t i n g .
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polycarbonate tubes.
The distribution of precipitated counts was assumed to reflect the
IOC
d i s t r i b u t i o n  o f  membrane bound -‘-‘■-’I igA a lo n g  the 0 .5 -1 .7 n su cro se  
g ra d ien t  (F ig  50) and showed a peak o f  r a d i o a c t i v i t y  w ith a median 
density  o f  1.16, 0Lsmal le r  peak: was a l s o  present with median d en s ity  
of 1.12 * ' i  Comparison o f  t h i s  d is tr ib u tio n  pattern
with th a t  o f  th e  b a s o l a t e r a l  plasma membrane marker enzyme Na+/K + 
ATPase from the same preparation show a s tr ik in g  s im i la r i ty  Figs W-52& 
The marker enzyme shows peak a c t i v i t y  a t  a r e l a t i v e  d e n s i t y  o f  1.16 
with a minor peak a t 1.12. Therefore the r e s u l t s  show that addition o f  
■*■^ 1 IgA to  crude homogenate o f  rat parotid glands provide a su i ta b le  
method for s p e c i f i c a l l y  l a b e l l in g  b a so la te r a l  plasma membrane v e s i c l e s .
Component p r o t e in s  o f  each f r a c t io n  from th e  0.5M-1.7M su c ro se  
g ra d ie n t  were sep a ra ted  by SDS p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s ,  
transfered to  n i t r o c e l lu lo s e  paper by western b lo t t in g  and sta ined  to  
show th e  p resen ce  o f  SC (JF.igure 52a)-. and autorad iograp hed  t o  show 
the d is tr ib u t io n  o f  ^ 5 j  la b e l le d  IgA (Fig 52b & 53). The r e s u l t s  show 
th a t  th e  d i s t r i b u t i o n  o f  j g A a i ong {-he g r a d ie n t  i s  matched by a
s im ila r  d is tr ib u tio n  o f  secretory component.
With respect to  the apparent molecular weight o f  SC and IgA, i t  
i s  apparent t h a t ,  where most p r e v a l e n t ,  SC o ccu rs  in  th r e e  d i f f e r e n t  
m o le c u la r  w eight forms (63 ,000 , 73 ,000 and 150 ,000). The h igh er  
m o le c u la r  w eight form o f  SC would be c o n s i s t e n t  w ith  th e  la r g e  
membrane-associated form o f  SC p o s s ib ly  fo l lo w in g  mild degradation in  
v i t r o .  The appearance o f  IgA o b serv ed  by th e  d i s t r i b u t i o n  o f  x^J i -  
l a b e l  showed two d i f f e r i n g  p r o te in  bands w ith  m o le c u la r  w e ig h ts  o f
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FIG 50 Shows t h e  d i s t r i b u t i o n  o f  t o t a l  c o u n t s ( - —) a l o n g  a 0 . 5 “ I ' . 7 M s u c r o s e  g r a d i e n t
125f o l l o w i n g  b i n d i n g  o f  I IgA t o  c r u d e  p a r o t i d  g l a n d  h o m o g e n a t e  i n  v i v o *  
Broken l i n e  r e p r e s e n t s  c c o u n t s  shown by c e n t r i f u g a t i o n  t o  be membrane
b o u n d ,  s e e  s e c t i o n  3 , 7 f ,n
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Figure 51 - Shows r e s u l t s  from in v ivo  l a b e l l i n g  o f  ap ica l  surfaces  
of parotid acinar c e l l s  with  the f lu o r e s c e n t  probe 
S . I . T . S .  prior to glandular f r a c t io n a t io n  (3 :7g)
60,000 and 25,000 corresponding to  heavy and l ig h t  chains o f  IgA.
A Non- Enzymic Method For th e  L a b e l l in g  o f  A p ic a l  Plasma 
Membrane Sheets
The in ter lo b u la r  ducts o f  the rat parotid gland were perfused in  a 
r e tr o g r a d e 1 manner w ith  a s o l u t i o n  o f  th e  n o n - s p e c i f i c  f l u o r e s c e n t  
protein  s ta in  S.I.T.S as described in  Section 2:1b. As on ly  the ap ica l  
surface o f  acinar c e l l s  are exposed within the lumen o f  secretory  ducts 
o n ly  t h e s e  s u r fa c e s  s h o u ld  be co a ted  by th e  p r o t e in  s t a i n ,  t h e r e fo r e  
providing a morphological la b e l  for a p ica l  plasma membrane sheets .
Glands were f r a c t io n a t e d  as  d e s c r ib e d  in  s e c t i o n  2:2<land the  
d i s t r i b u t i o n  o f  S.I.T.S l a b e l  a lo n g  th e  0.5-1.7M s u c r o s e  g r a d ie n t  
o b serv ed  by f  lu o r im etr y .  The r e s u l t s  show a peak o f  a c t i v i t y  w ith  a 
median density  o f  1.163 (Fig 5 t ) which r e f l e c t s  the d is tr ib u t io n  o f  the 
a p i c a l  plasm a membrane marker enzyme yGTaseshown in  F ig  4 $  The 
r e s u l t s  t h e r e f o r e  show th a t  th e  marker enzyme yGTase i s  s p e c i f i c  fo r  
a p ic a l  plasma membrane irv rat parotid  gland and a l s o  i t  i s  p o s s ib le  to  
la b e l  th ese  portions o f  acinar c e l l s  by retrograde perfusion.
3 :7h D istr ibution  o f  SC and IgA Following Preparation o f  Baso­
la te r a l  Plasma Membrane V e s ic le s
Crude parotid gland homogenate was incubated a t room temperature 
w i t h !  IgA as d e sc r ib e d  in  S e c t io n  3 :7 f .  V e s i c l e s  were prepared as 
described in  Section 2:2c. Fractions were then c o l l e c t e d  from the 0.3- 
1.7M sucrose gradient and the component prote ins  in  each fra c t io n  were 
sep a ra ted  by SDS p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s ,  t r a n s fe r e d  to  
n i t r o  c e l l u l o s e  paper by w estern  b l o t t i n g  and s t a in e d  t o  show th e
presence of SC (Fig 52a. The western blot was then autoradiographer] and
c l e a r l y  show th a t  a c o - d i s t r i b u t i o n  o f  SC and IgA in  f r a c t i o n s  a lo n g  
the sucrose gradient with a minor peak occurring with a median density  
o f  1.12 and a second more intense, d is tr ib u t io n  with a median density  
o f  1.16 which a l s o  showed a d i r e c t  comparison t o  th e  Na+/K + ATPase 
d i s t r i b u t i o n  ob serv ed  u s in g  th e  same f r a c t i o n a t i o n  procedure (See  
Section  3 :7 f ) .
3:7i A nalysis  o f  Protein Composition o f  Secretion Granule Fraction
cl
The component prote ins  o f  a secretio n  granule fra c t io n  obtained as  
d e sc r ib e d  in  S e c t io n  2:2e were sep a ra ted  by SDS p o ly a c r y la m id e  g e l  
e l e c t r o p h o r e s i s ^  tr a n s fe r e d  on to  n i t r o  c e l l u l o s e  paper and
stained to  show the presence o f  IgA or secretory  component.
Two separate primary antibodies were used to  id e n t i fy  IgA, f i r s t l y  
a commercial a n t i  (r a t  ach a in )  from B i o y e d a  r e v e a le d  one i n t e n s e l y  
sta ined protein  band (mwt 63,000) p lu s  f i v e  f a i n t l y  s ta in in g  p rote in s  
w ith  m o le c u la r  w e ig h ts  o f  77 ,500 , 60 ,000 , 5 0 ,000 , 48 ,000  and 28,000  
r e s p e c t iv e ly  (Fig 54, Track .A,) in  contrast an t i  (rat a chain) obtained  
by th e  method o f  Or Ians e t  a l  (1978) produced a fa r  more s p e c i f i c  
r e s u l t ,  s ta in in g  only  two proteins with m olecular weight o f  61,000 and
28,000 (F ig  54 Track B ) .
Secretory component was a l s o  id e n t i f ie d  using a primary a n t i  (rat  
secretory  component) antibody raised by method o f  Or Ians e t  a l  (1979).
sVo.mir\<j
The r e s u l t s  show one s tro n g ly  /p ro te in  (Molecular weight 77,650) p lu s
four a d d i t io n a l  w eek ly  s ta in e d  p r o t e in s  w ith  m o le c u la r  w e ig h ts  o f  
63,000, 50 ,000 , 31,000 and 28,000 (F ig  54, Track C) .
the d is tr ib u tio n  o f  binding in fraction s
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Figure 52 - Shows a diagramatical representation of the 
relative distribution of (a) SC (b) IgA
and (c) Na+ /K+ ATPase along a 0.5M - 1.7M 
sucrose gradient following preparation of 
basolateral plasma membrane fractions
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Figure 53 - Shows the distribution of I IgA associated 
with membrane fractions observed following 
preparations of basolateral plasma membrane 
fractions.
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Figure 54 - Shows the occurance of SC in IgA in preparations 
of purified secretory granules. Lane A shows 
protein bands visualised using a primary antibody 
to rat ( chain) Lane B shows protein bands 
visualised using a primary antibody to rat ( chain)
raised according to the method of Orlands 1979 
Lane C shows proteins visualised using a primary 
antibody to rat SC raised according to the method 
of Orlands 1978
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3:7j Assessment of Basolateral Plasma Membrane Contamination of
Secretionj&ranule Fractions
B a so la tera l  plasma membrane v e s i c l e s  were l a b e l l e d  by addition of  
•^2^I IgA t o  homogenised r a t  p a r o t id  g la n d  and th e  d i s t r i b u t i o n  o f  
counts observed fo llo w in g  preparation o f  a secretion  granule frac tion s  
as d e s c r ib e d  in  S e c t io n  2:2e. The e f f i c i e n c y  o f  t h i s  method fo r  th e  
l a b e l l i n g  o f  b a s o l a t e r a l  plasm a membrane v e s i c l e s  i s  d i s c u s s e d  in  
Section 2:2c.
The r e la t iv e  d is tr ib u tio n  o f  the secretion  granule marker enzyme -
/ioV sI»<wa3 
/^ a m y la se  was measured to  a s s e s s  th e  e f f i c i e n c y  o f  th e  p rep a ra tio iv a n d  
was found t o  be com parable to  p r e v i o u s l y  p u b l is h e d  r e s u l t s  by o th er  
workers (Arvan and C a s t l e ,  1982).- However, th e  r e s u l t s  from t h i s  
experim ent a l s o  show th a t  b a s o l a t e r a l  plasm a membrane v e s i c l e s  are  
present in  the secretion  granule fraction . In addition  the increase  
in r a d io a c t iv i ty  expressed as a function o f  protein  content above that  
o b serv ed  in  homogenate su g g e s t  th a t  b a s o l a t e r a l  p lasm a membrane 
v e s i c l e s  are not s u c c e s s fu l ly  separated from secre t io n  granules by th is  
method o f  fractionation .
4. DISCUSSION
The purpose o f  the current in v e s t ig a t io n  was two fo ld ,  f i r s t l y  to  
c h a r a c t e r i s e  th e  way in  which IgA i s  tr a n sp o r te d  in t o  s a l i v a  and 
secondly to  in v e s t ig a te  how the process o f  IgA transport i s  integrated  
with the syn th es is  and secretion  o f  other s a l iv a r y  proteins.
4:1 Transport o f  IgA in to  S a l iv a
I n i t i a l  in v e s t ig a t io n  o f  IgA transport in to  rat s a l i v a  was carried  
o u t  by H urlim an  e t  a l  (1 9 7 0 )  who show ed t h a t  IgA s e c r e t e d  by 
submaxillary glands in  v i t r o  was a n t ig e n ic a l ly  d i s t in c t  from rat serum 
IgA and was t h e r e f o r e  d e r iv e d  a t  l e a s t  in  p art from an endogenous  
sou rce  w ith in  th e  g la n d s .  Subsequent a ttem p ts  t o  l o c a t e  th e  s i t e  o f  
IgA tr a n sp o r t  in t o  s a l i v a  were performed in  f ix e d  human t i s s u e s  and 
indicated that duct l in in g  c e l l s  were in v o lv ed  in IgA transport in to  
s a l iv a .  R etro sp ec tiv e ly  i t  seems c le a r  that the true lo c a t io n  o f  SC, 
th e  recep to r  fo r  IgA, was masked in  t h e s e  experim en ts  by th e  reduced
j
a n t i g e n i c i t y  o b serv ed  f o l l o w i n g  f i x a t i o n  w ith  a lm o st  a l l  s tand ard
h is t o lo g i c a l  f i x a t i v e s  (Brandtzaeg 1985). For t h i s  reason cryosection s
were used in  the present in v e s t ig a t io n  to  show the d is tr ib u t io n  o f  SQr
ry
and IgA in  rat sa liv a ^ g la n d s  (Section 3.2).
Parotid and subm axillary glands sta in ed , using primary antibodies  
to  e i t h e r  r a t  SC or a c h a in ,  showed in t e n s e  s t a i n i n g  o f  a l l  p a r o t id  
acinar c e l l s ,  cer ta in  subm axillary acinar c e l l s  and secre t io n  w ithin  
ducts. In addition , IgA was observed within sm all  plasma c e l l s  present  
within the in ter s t it iu m  o f  each gland. However, in d ir e c t  con trast  to  
i n i t i a l  r e p o r t s ,  (Kraus and M estecky, 1971) no s t a i n i n g  fo r  SC or IgA
was o b serv ed  in  th e  duct l i n i n g  c e l l s  o f  e i t h e r  submandibular or 
parotid glands.
I t  i s  th erefore  c le a r  that the serous acinar c e l l s  o f  rat s a l iv a r y  
g la n d s  c o n ta in  s e c r e t o r y  component and f a c i l i t a t e  th e  tr a n sp o r t  o f  
l o c a l l y  produced IgA through the epithelium  in to  s a l iv a .  Subsequent 
work (Nakamuta e t  a l ,  1985) has shown a comparable d is tr ib u tio n  o f  Sg> 
and IgA in  human submandibular glands.
Having characterised  the c e l l s  in v o lv ed  in  IgA transport i t  was 
p o s s i b l e  t o  i n v e s t i g a t e  th e  s u b c e l l u l a r  e v e n t s  r e s p o n s ib l e  in  th e  
p r o c e s s .  Mostov e t  a l  (1983) o b serv ed  th a t  in  r a b b it  h e p a t o c y t e s ,  
secretory  component was synthesised  by c e l l s  in v o lv ed  in  IgA transport  
on a large  trans-membrane g lycoprote in  (J1*) SC) which i s  transported to  
the s in u so id a l (b a so la tera l)  plasma membrane to  c o l l e c t  polymeric IgA 
(plgA) from serum. The receptor ligand complex ( i .e .  SC/plgA) was then 
endocytosed, transported to  the b i l e  ca n a lic u la r  surface (ap ica l plasma 
membrane) and re lea sed  by p r o te o ly t ic  c leavage  o f  secretory  component 
producing a low molecular weight fraction  o f  SC s t i l l  a sso c ia ted  with 
plgA, referred to  as secretory  IgA (^IgA). In order to  determine i f  a 
comparable sequence o f  ev en ts  was respon sib le  for IgA transport through 
acinar c e l l s ,  the m olecular weight o f  s a l iv a r y  and membrane assoc ia ted  
SC were in v es t ig a ted .
4:1a Determination o f  the M olecular Weight o f  S a l iv a ry  SC Components
Following separation o f  s a l iv a r y  prote ins by polyacrylamide g e l  
e l e c t r o p h o r e s i s  under n o n -d en a tu r in g  conditions, on ly  one form o f  SC 
was observed with a m olecular weight o f  63,000 (Section 3:4;<0. As the  
m o le c u la r  w eigh t o f  d im er ic  IgA i s  a p p ro x im a te ly  300 ,000  and i t  i s
known from p r e v io u s  experim en ts  th a t  th e  antiserum  can r e c o g n is e  SC 
bound to  IgA, the 63,000 mw band must be free  SC (Peppard e t  a l ,  1984). 
Hence the considerable  amounts o f  IgA (molecular weight > 200,000) were 
p r esen t  in  th e  s e c r e t i o n .  T herefore  e i t h e r ,  p i lo c a r p in e - in d u c e d  
s a l iv a t io n  a l lo w s  considerable  leakage o f  plgA through t ig h t  junction  
complexes between neighbouring c e l l s ,  or slgA i s  l a b i l e  in  s a l i v a  and a
63,000 m o le c u la r  w eight p o r t io n  o f  SC d i s s o c i a t e s  from plgA a f t e r  
s e c r e t i o n .  With r e s p e c t  t o  th e  l a t t e r  s u g g e s t io n  i t  i s  known th a t  
c o v a le n t  b in d in g  i s  not e s s e n t i a l  fo r  th e  t r a n s f e r  o f  IgA in t o  b i l e  
(Peppard, J. personal communications).
The number o f  serum p rote in s present in  p ilo ca rp in e  induced s a l iv a  
was determined by crossed immunoelectrophoresis against a n ti(r a t serum) 
and used as  an assessm en t o f  p r o te in  le a k a g e  through t ig h t  ju n c tio n  
com p lexes. The r e s u l t s  show th a t  ten  out o f  tw enty  one s a l i v a r y  
p r o te in s  a l s o  c r o s s - r e a c t  w ith  a n t i ( r a t  serum ), a lth o u g h  most o f  th e  
p r o te in s  e x h ib ite d  h igh  e l e c t r o p h o r e t i c  m o b i l i t y  i n d i c a t i n g  a 
r e l a t i v e l y  low  m o le c u la r  w eigh t (S e c t io n  3.4 ). A ls o  s t r u c t u r a l  
exam in ation  o f  p a r o tid  a c in a r  c e l l s ,  a f t e r  in d u c in g  s a l i v a t i o n  w ith  
p ilo ca rp in e , showed t ig h t  junction complexes between neighbouring c e l l s  
were apparently in ta c t and would thus present a con sid erab le  b arrier  to  
lea k a g e  o f  h igh  m o lecu la r  w eigh t p r o te in s  such as p lgA , w h i le  s t i l l  
a llo w in g  low m olecular weight p ro te in s  to  pass through (S ection  3.3).
Returning to  the p o s s i b i l i t y  that SC i s  l a b i l e  in  s a l i v a ,  s e v e r a l  
groups have reported d i f f i c u l t i e s  in  detec tin g  slgA in  rat s a l i v a  (Nash 
e t  a l ,  1969; B is ta n y  and Tomasi, 1970). M oreover, Cambier e t  a l  1976  
id e n t i f ie d  a low molecular weight form o f  SC in  rat s a l i v a  which showed
a h ig h  t e n d a n c y  t o  d i s s a s s o c i a t e  from p lgA . Hence t h e r e  i s  
c o n s id e r a b le  e v id e n c e  th a t  s lgA  i s  l a b i l e  in  s a l i v a .  However, in  
contrast slgA was detected in  secretio n s  1 fiomparotid acinar c e l l s  in  
v i t r o  (p re sen t  i n v e s t i g a t i o n ,  S e c t io n  3* 6 f ) and in  s e c r e t i o n s  from 
su b m a x i l la r y  g la n d s  in  v i t r o  (Hurliman e t  a l ,  1971). T h erefore  i t  
would appear th a t  s lgA  i s  s t a b l e  in  th e  a r t i f i c i a l  environm ent o f  
cu ltu re  medium but may d is so c ia te  in  s a l iv a .  Although rat s a l i v a  i s  
incom pletely  characterised with regard to  enzyme content, no protease  
was detected  in  human s a l i v a  (Wallach 1982) as such. I t  i s ,  however, 
p o s s ib le  that c lea v a g e  o f  SC from slgA could r e s u l t  as a consequence of  
b a c t e r i a l  a c t io n  w ith in  th e  o r a l  c a v i t y  and c o l l e c t e d  sam p les  o f  
s a l iv a .
4:1b Determination of the Molecular Weight of Cellular SC
Due to  th e  u n iv e r s a l  d i s t r i b u t i o n s  o f  Sc in  th e  p a r o t id  a c in a r  
c e l l s  t h i s  t i s s u e  was s e l e c t e d  fo r  th e  purpose o f  d eterm in in g  the  
molecular weight o f  c e l l u l a r  SC.
The component p r o te in s  o f  a crude microsom al p r e p a r a t io n  o f  
parotid gland were separated by SDS polyacrylamide g e l  e lec tro p h o res is  
and th e  d i s t r i b u t i o n  o f  SC was d e t e c t e d  by w estern  b l o t t i n g  (S e c t io n  
3.4a). Three major forms o f  SC were observed with m olecular weights o f  
>200,000, 160,000 and 73000 r e s p e c t iv e ly .  In order to  determine which 
m o le c u la r  w eight s p e c i e s  were p r e se n t  on th e  b a s o l a t e r a l  plasma  
membrane, i t  was n e c essa ry  to  f i r s t  a c h ie v e  adequate r e s o l u t i o n  o f  
c e l l u l a r  components fo l lo w in g  homogenisation o f  rat parotid glands.
4 :l c  Fractionation o f Rat parotid Glands
P r e v io u s  experim en ts  performed on f r a c t i o n a t i o n  o f  ra t  p a r o t id  
gland (Arvan and C ast le  (1982) and (1983)) r e l i e d  h e a v i ly  on separation  
o f  component f r a c t i o n s  by rep ea ted  p e l l e t i n g  and r e s u s p e n s io n  o f  
m ateria l. A preliminary experiment (Section 3:7a) showed that enforced  
contact o f  component fra c t io n s  which occurs during p e l l e t i n g  produced 
c o n s id e r a b le  a g g r eg a t io n  o f  s e c r e t i o n  g r a n u le s  and poor r e s o l u t i o n  
b etw e en  p la sm a  membrane from  d i f f e r e n t  d o m a in s .  As c u r r e n t  
in v e s t ig a t io n  was concerned with IgA transport through c e l l s  and the  
p o s s i b l e  e x i s t e n c e  o f  a s e c r e t o r y  pathway independent o f  s e c r e t i o n  
granules. I t  was thought to  be o f  primary importance to  ach ieve  good 
s e p a r a t io n  o f  b a s o l a t e r a l  from a p i c a l  plasm a membrane and a l s o  from 
secretion  granules. For t h i s  reason new c e l l  fra c tio n a t io n  techniques
were developed which avoided where p o s s ib le  inforced contact between 
homogenate components.
I t  i s  apparent from th e  r e s u l t s  p resen ted  in  s e c t i o n  3:7e th a t  
f r a c t i o n s  o f  b a s o l a t e r a l  p la sm a  membrane o b t a in e d  by t h e  new 
experimental strategy  are r e l a t i v e l y  uncontaminated by a p ic a l  plasma 
membrane an A secret  ion granule fra c t io n s  (Sect ion 3:7e). With respect to  
i s o l a t i o n  o f  a p i c a l  plasm a membrane f r a c t i o n s ,  i n i t i a l  a ttem p ts  to  
separate a p ica l  and b a so la te r a l  plasma membrane fra c t io n s  by f lo t a t io n  
methods a lo n e  (S e c t io n  3:7c) were unsuccessful. Subsequent isopycnic  
c e n t r i f u g a t io n  o f  crude a p i c a l  plasm a membrane f r a c t i o n s  showed c o ­
d is tr ib u tio n  o f  b a so la te r a l  plasma membrane marker Na/K ATPase and the 
a p i c a l  plasm a membrane marker y GT. T herefore  th e  procedure was 
subsequently modified by su b st itu t in g  the f in a l  isopycnic  separation o f  
f r a c t i o n  by a r a te  c e n t r i f u g e  s t e p  which d id  p r o v id e  e f f e c t i v e  
s e p a r a t io n  o f  both plasm a membrane 4bmo«ns> and s e c r e t i o n  g r a n u le s  
(Section 3:7d). I t  i s  important to  note however that the d is tr ib u t io n  
o f  s e c r e t i o n  g r a n u le s  in  c e n t r i f u g a t io n  may be v a r i a b l e .  These  
s t r u c t u r e s  are  not uniform in  s i z e  or shape and show v a r i a b l e  
morphology and tendancy to  aggregate, depending upon the r e l a t i v e  s t a t e  
o f  secretory  a c t i v i t y  o f  the gland (Wallach, 1982). F in a l ly  the use o f  
co n tin u o u s  s u c r o se  g r a d ie n t  in  th e  cu rren t  i n v e s t i g a t i o n  o f f e r s  a 
considerable  advantage over previous methods o f  fra c t io n a t io n  in which 
a s i n g l e  f r a c t i o n  or p e l l e t  were o b ta in ed . The use  o f  co n tin u o u s  
gradients a l lo w s  the d is tr ib u t io n  o f  each o r g a n e l le  to  be considered  
when in terpreting  o r g a n e l le  cross contamination.
The component p r o t e in s  p r e se n t  in  f r a c t i o n s  from th e  0.3-1.7M  
s u c r o se  g r a d ie n t  used in  p rep a r a t io n  o f  b a s o l a t e r a l  p lasm a membrane
;were sep a ra ted  by SD S-polyacrylam ide g e l  e lec tro p h o res is  and 
s ta in e d  f o l l o w i n g  w estern  b l o t t i n g  to  show th e  d i s t r i b u t i o n  o f  
s e c r e t o r y  component a lo n g  th e  g r a d ie n t .  The r e s u l t s  show th a t  
secretory  component with a m olecu la r  w eight >100,000 was p r e se n t  in  
fra c tio n s  with a median density  o f  1.16 showing a d is tr ib u tio n  pattern  
d ir e c t ly  comparable to  that o f  the b a so la te r a l  plasma membrane marker 
enymes Na/K ATPase (S e c t io n  3:7/v). S ecre to ry  component o f  t h i s  
m o le c u la r  w eight was a l s o  o b serv ed  in  f r a c t i o n s  w ith  a low er median 
d e n s i t y  o f  1.12. A lthough th e  i d e n t i f i c a t i o n  o f  t h e s e  low d e n s i t y  
fra c tio n s  in  unknown, other workers have presented evidence to  suggest 
t h a t  t h i s  i s  th e  median d e n s i t y  o f  G o lg i  apparatus (Beaufay e t  a l . ,  
1974; Mullock e t  a l . ,  1980) in  l i v e r .
Western b l o t s  s t a in e d  to  show th e  d i s t r i b u t i o n  o f  s e c r e t o r y  
component were a l s o  autoradiographed to  show the d is tr ib u t io n  o f  1-^5 
IgA bound to  f r a c t i o n s  in  v i t r o .  The r e s u l t s  show a bim odal  
d i s t r i b u t i o n  o f  j g A Wh i c h corresp on d s d i r e c t l y  t o  th e  o b serv ed  
d i s t r i b u t i o n  o f  s e c r e t o r y  component (S e c t io n  3:7 i ). These r e s u l t s  
d i f f e r  from th e  r e s u l t s  p u b l i s h e d  fo r  l i v e r  (M ullock  e t  a l . ,  1980) 
where o n ly  plasm a membrane f r a c t i o n s  bound 125I IgA in  v i t r o .  There 
are two p o s s ib le  explanations for the d iscrepancies observed between 
parotid glands and l i v e r .
F i r s t ly ,  fo l lo w in g  p r e v io u s ly  reported observations in  l i v e r  (Sips  
e t  a l ,  1982) th e  assum ption  i s  made t h a t  o r g a n e l l e s  and membrane 
systems broken during homogenisation reform with the correct in  v iv o  
or ien ta tion , as such on ly  plasma membrane fra c t io n s  should p ossess  SC 
o f  th e  c o r r e c t  o r i e n t a t io n  t o  b ind IgA. In p r a c t i c e ,  how ever,
corresp on d in g  o r g a n e l l e s  o f  d i f f e r e n t  t i s s u e s  may e x h ib i t  d i f fe re n t  
t e n d a n c ie s  t o  reform in t o  t i g h t  v e s i c l e s  o f  th e  c o r r e c t  o r i e n t a t i o n  
fo l lo w in g  fractionation . From the present r e s u l t s  i t  would appear that  
f r a c t i o n s  w ith  a median d e n s i t y  o f  1.12 in  p a r o t id  g la n d s  are  e i t h e r  
derived from G olg i membrane fra c tio n s  which p ossesses  SC but are not as 
w e l l  sea le d  as eq u iva len t fra c t io n s  in  l i v e r ,  or a l t e r n a t i v e l y  these  
fra c t io n s  represent a sub-population o f  plasma membrane frac tion . The 
l a t t e r  s u g g e s t io n  i s  u n l i k e l y  as under i s o p y c n ic  c o n d i t io n s  plasm a  
membrane o f  any s i z e  would be ex p ected  to  have a r e l a t i v e  d e n s i t y  o f  
approximately 1.16 (S e c t io n  3 :7b ,c) .
A nalysis  o f  the d is tr ib u t io n  o f  p re c ip ita b le  counts a long the 0.3- 
1.7M sucrose gradient with the d is tr ib u tio n  o f  SC as ind icated  on the 
b lo t  shows c l e a r ly  that b a so la te r a l  plasma membrane v e s i c l e s  with a 
median density  o f  1.16 p ossess  a higher a f f in i t y  for plgA in  v iv o  than 
fra c t io n s  with a median density  o f  1.12 (Section 3:7f'■). This would be 
c o n s i s t e n t  w ith  la r g e  q u a n t i t i e s  o f  IgA b in d in g  t o  p lasm a membrane 
v e s i c l e s  with the correct ' i n  v iv o '  or ien ta tion  and l e s s  IgA binding to  
some ' leaky' S o lg i  v e s i c l e s  with a median density  o f  1.12. Therefore 
th ese  r e s u l t s  in d icate  that molecular weight forms o f  SC (>100,000) are 
present with b a so la te r a l  plasma membrane and p o s s ib ly  G olg i apparatus.
4:ld Is  Secretory Component Cleaved to  Produce slgA Prior to  Exposure 
on the Apical Surface o f  Parotid Acinar C e l l s .
In a d d it io n  t o  th e  h igh  m o le c u la r  w eigh t form o f  SC o b se r v e d  in  
membrane preparations a further lower molecular weight (73,000) form 
o f  SC was a l s o  o b serv ed  in  crude m icrosom al p r e p a r a t io n s  and in  
p r e p a r a t io n s  o f  s e c r e t i o n  g r a n u le s ,  where i t  was p r e s e n t  w ith  IgA
(S e c t io n  3 :7 i ). The m o le c u la r  w eight o f  SC in  th e s e  p r e p a r a t io n s  
d i f f e r s  from th a t  o b serv ed  in  b a s o l a t e r a l  plasma membranes (S e c t io n  
3:7h), which have been shown to  contam inate s e c r e t i o n  g ra n u la r  
f r a c t i o n s  (S e c t io n  3:75). T h erefore  th e  e v id e n c e  i s  c o n s i s t e n t  w ith  
th e  Sc not d e r iv in g  from con tam in atin g  b a s o l a t e r a l  plasm a membrane, 
r a th er  SC and IgA are  c o n ta in ed  w ith in  some membrane s t r u c t u r e  w h i le  
the low molecular weight o f  SC suggests  that c lea v a g e  o f  the large  SC 
has occurred producing slgA. Although the low molecular weight form of  
SC i s  present in  secretion  granule preparation, i t  i s  not p o s s ib le  to  
c o n c lu d e  that^Sc/'or IgA i s  a c t u a l l y  p r e se n t  w ith in  th e  g r a n u le s .  
Indeed th e  in  v i v o  d i s t r i b u t i o n  o f  Sc and IgA o b se rv e d  in  human 
s u b m a x i l la r y  se r o u s  a c in a r  c e l l s  (Nakamura, 1985) show c l e a r l y  th a t  
n e i t h e r / S c j  or IgA i s  p r e se n t  in  s e c r e t i o n  g r a n u le s .  With th e  
r e s e r v a t i o n  th a t  s e c r e t o r y  pathways may not be d i r e c t l y  com parable  
between s p e c i e s  and th a t  w estern  b l o t t i n g  te c h n iq u e s  used in  th e  
current in v e s t ig a t io n  are undoubtedly more s e n s i t iv e  than immuno gold  
l o c a l i s a t i o n  i t  would n e v e r t h e l e s s  seem p r o b a b le  t h a t  Sc and IgA 
observed in  secretio n  granule fra c t io n s  are a r t i f i c i a l .  Morphological 
observations o f  the a p ica l  domain o f  parotid  acinar c e l l s  (Fig 55) show 
that secret io n  granules are surrounded by numerous v e s i c l e s  comparable 
in  s i z e  and lo ca t io n  to  the SC contain ing v e s i c l e s  observed in  human 
subm andibular g la n d s  (Nakamura, 1985). I t  i s  p o s s i b l e  t h a t  th e s e  
stru ctu res  contain slgA and being in  such c lo s e  proximity to  secre t io n  
g r a n u le s  in  v i v o  may a g g reg a te  w ith  s e c r e t i o n  g r a n u le s  du rin g  c e l l  
fra c tio n a t io n .
To summarise the information obtained from a n a ly s is  o f  s a l iv a r y  
and c e l l u l a r  s e c r e t o r y  component i s  c o n s i s t e n t  w ith  th e  f o l l o w i n g
F i g u r e  55 Parotid  acinar c e l l s  observed in v iv o  showing the  
occurance o f  small v e s c i c l e  s tr u c tu r e s  c l o s e  to
s e c r e t io n  granules in the a p ica l  domain o f  c e l l s .  5eeo-rrcvo
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s p e c u la t iv e  sequence o f  even ts . Secretory component i s  synthesised  by 
p a r o t id  a c in a r  c e l l s  a s  a la r g e  membrane a s s o c ia t e d  p r o te in  w ith  a 
molecular weight o f  about 200,000 which i s  present in  b a so la te r a l  and 
p o ss ib ly  Golgi fraction s . This protein  would then be eq u iva len t to  the 
membrane s e c r e t o r y  component (mSC) d e s cr ib e d  by Mostov e t  a l  (1983).  
After binding IgA on the b a so la te r a l  plasma membrane the SC/IgA complex 
i s  su b e q u en t ly  i n t e r n a l i s e d  and th e  SC m o le c u le  i s  c l e a v e d  a t  some 
s t a g e  during t r a n s c y t o s i s  producing s lgA  p o s s e s s in g  a 73,000 mwt 
portion o f  SC. Following secretion  o f  slgA in to  s a l i v a  the SC fraction  
appears to  be l a b i l e  and a 60-63,000 mwt fragment may d is s o c ia t e  or be 
c lea v ed  from slgA.
4 : le  K inetics  o f  IgA Transport
In order to  i n v e s t i g a t e  th e  k i n e t i c s  o f  IgA tr a n s p o r t  through  
a c in a r  c e l l s  i t  i s  n e c e s sa r y  t o  bind l a b e l l e d  IgA t o  th e  c e l l s  and 
monitor secretion  a t repeated time in t e r v a l s ,  a f ter  e s ta b l i s h in g  a zero  
t im e p o in t  which IgA i s  bound but not tr a n sp o r te d .  D e s p i t e  s e v e r a l  
attempts these  basic  experimental c r i t e r ia  could not be s a t i s f i e d  by an 
in  v iv o  method. F i r s t ly ,  repeated st im u la tion  and c o l l e c t i o n  o f  pure 
parotid gland secretio n s  i s  very d i f f i c u l t  in  p ra c tice  and secondly , as 
s a l iv a r y  IgA i s  nomally derived from lo c a l i s e d  plasma c e l l s ,  i t  i s  hard 
to  e f f e c t i v e l y  ' lo a d '  the c e l l s  with a la b e l l e d  form o f  IgA.
Attempts to  introduce - ^ I  igA in to  parotid g lands by intravenous  
i n j e c t i o n  showed o n ly  very  low  l e v e l s  o f  125I IgA were in c o rp o ra ted  
in to  the gland (Section 3:5). The problem o f  ' lo a d in g '  parotid  glands  
with la b e l l e d  IgA in  v iv o  was f i n a l l y  overcome by using hybridoma c e l l s  
which produced IgA s p e c i f i c  for horse radish peroxidase (Section 3;5).
Hybridoma c e l l s  were grown in the peritonium o f  ra ts  over a nine to  ten 
day period a fter  which considerab le  l e v e l s  o f  t h i s  s p e c i f i c  form o f  IgA 
could be detected in  serum and a l s o  in parotid acinar c e l l s  and s a l iv a .  
However, the exact route by which the horse-radish peroxidase s p e c i f i c  
IgA reached the parotid  glands i s  not c lea r .  C erta in ly  there were high 
l e v e l s  in  serum which may have passed in to  the s a l iv a r y  gland but in  
addition , there were a l s o  c e l l s  in  lymph nodes near the parotid  glands  
which sta ined s p e c i f i c a l l y  for horse radish peroxidase. Therefore i t  
must be considered p o s s ib le  that hybridoma c e l l s  may have migrated from 
the peritoneum to  peripheral s i t e s ,  thus producing a l o c a l  source o f  
la b e l l e d  IgA.
Although su c ce s s fu l  in  demonstrating tra n scy to s is  o f  l a b e l l e d  IgA 
in  v iv o ,  the hybridoma c e l l  system could not be used to  in v e s t ig a te . th e  
k i n e t i c s  o f  IgA tr a n s p o r t  a s  no a ccu ra te  zero  t im e p o in t  a t  which IgA 
bound t o  c e l l s  c o u ld  be e s t a b l i s h e d .  I t  was t h e r e f o r e ,  n e c e s s a r y  to  
develop an in v i t r o  system o f  parotid  acinar c e l l s  which would a l lo w  an 
a c cu ra te  zero  tim e p o in t  t o  be e s t a b l i s h e d  by b in d in g  IgA a t  4°C and 
i n i t i a t e  transport when required by s h i f t in g  to  37°C. A lso  monitoring  
o f  secretion  was sim ply achieved by changing the incubation medium when 
required.
Using an in  v i t r o  sy stem  how ever, i t  was p o s s i b l e  t h a t  c e l l  
p o la r i ty  which i s  c r u c ia l  for d ir e c t io n a l  transport pathways might have 
been l o s t  when c e l l s  were i s o l a t e d .  For t h i s  reason  a method o f  
i s o la t in g  'clumped' acinar c e l l s  was developed in  which c e l l s  s t i l l  
m aintained some a s s o c i a t i o n  w ith  other c e l l s  and incubations periods  
were lim ited  to  2 hrs at 37°c (Section 3:6). Under th ese  experimental 
con sta in ts  c e l l  p o la r i t y  was c l e a r l y  seen to  be maintained by e le c tr o n
microscopy. A lso  binding o f  IgA to  c e l l s  in  v i t r o  (Section 3:6c) shows 
th a t  s p e c i f i c  a p i c a l  and b a s o l a t e r a l  plasma membrane domains are  
preserved o f  a 2 hr incubation at 37°C.
The r e s u l t s  obtained using the in  v i t r o  acinar c e l l  preparation  
shows th a t  th e  m a jo r ity  o f  125I IgA bound a t  4°C which remained 
fo l lo w in g  three consecutive  washes in  fresh medium was re lea sed  from 
c e l l s  f o l l o w i n g  a tem perature s h i f t  to  37°C. However, as  IgA was 
detected in  the incubation medium as slgA (Section 3:6f) i t  would seem 
probable that bound IgA i s  in ter n a l ise d ,  transcytosed and secreted  as 
in  v iv o .  A ls o  a s tu d y  o f  th e  r a te  o f  125I IgA s e c r e t i o n  showed 
s e c r e t i o n  o f  j g A wi t h i n  t h i r t y  m inutes o f  i n i t i a t i n g  p r o t e in
tr a n sp o r t  a t  37° i s  c o n s i s t e n t  w ith  p r e v io u s  r e p o r ts  o f  SC movement 
w ith in  c e l l s  in  l i v e r  (M ullock  e t  a l  1980; Hubbard e t  a l  1985), gut  
(Brown e t  a l  1979), mammary g la n d  c e l l s  in  v i t r o  ( S o l a r i  e t  a l  1985) 
and induced SC, ex p r essed  in  MDCK c e l l s  (M ostov e t  a l  1986). The 
observed decrease (Section 3:6b) in  ra ts  o f  IgA secre t io n  fo l lo w in g  the 
i n i t i a l  30-60 minute period o f  incubation at 37°C may be expla ined  as 
fo l lo w s .
As secretory  component moves in to  coated p i t  regions o f  the plasma 
membrane even  in  th e  absence o f  l ig a n d  (M u llock  e t  a l ,  1980) i t  i s  
p o s s ib le  that some 12^I IgA w i l l  bind to  vacant receptors in  and around 
coated p i t s .  Therefore, IgA bound to  these receptors would be rap id ly  
in ter n a l ise d  when protein  transport i s  in i t ia t e d  a t 37°C. In con trast,  
IgA bound t o  Sc , which has r e c e n t l y  appeared on th e  p lasm a membrane 
w i l l  f i r s t  need t o  move in t o  co a te d  p i t  r e g io n s  o f  th e  c e l l  b e fo r e  
being in tern a l ised . I f  the movement o f  receptors in to  coated p i t s  i s
Ithe rate l im it in g  s tep  in  tran scy tosis  t h i s  would exp la in  the observed 
decrease in rate o f  secretio n  (Section 3:6b).
4:2 Integration o f  Two Secretory Processes
The u n iv ersa l d is tr ib u t io n  o f  SC and IgA, in parotid acinar c e l l s  
(S e c t io n  3 :2 ) ,  shows q u i t e  c l e a r l y  th a t  IgA i s  tr a n sp o r te d  through  
c e l l s  which are a l s o  respon sib le  for bulk secretion  o f  other s a l iv a r y  
p r o te in .  The i n t e g r a t io n  o f  th e  two p r o c e s s e s  w ith in  th e  same c e l l  
r a i s e s  th e  p o s s i b i l i t y  th a t  s e c r e t o r y  p r o t e in s  are  s p e c i f i c a l l y  
segregated during exocy tosis .
Presumably both s e c r e t o r y  component and other s a l iv a r y  prote ins  
are synthesised  w ith in  the serous acinar c e l l s  and th erefore  share a 
common pathway through th e  rough endop lasm ic  r e t ic u lu m  and G o lg i  
apparatus. Most secretory  p r o te in s  are  then packaged i n t o  s e c r e t i o n  
g r a n u le s  and tr a n s p o r te d  t o  th e  a p i c a l  domain o f  th e  c e l l ,  b e fo r e  
secretio n  through the a p ic a l  plasma membrane (Wallach 1982). However, 
r e s u l t s  from f r a c t i o n a t i o n  o f  p a r o t id  g la n d s  (S e c t io n  3:7h) show 
c l e a r l y  th a t  s e c r e t o r y  component t r a v e l s  t o  th e  b a s o l a t e r a l  plasm a  
membrane t o  c o l l e c t  IgA from th e  i n t e r s t i t i u m  f l u i d .  I t  i s  h ig h ly  
improbable that one complex s e c r e t o r y  pathway c o u ld  f a c i l i t a t e  both  
p r o c e s s e s ,  indeed th e r e  i s  s tr o n g  m o r p h o lo g ic a l  e v id e n c e  t o  th e  
c o n tra ry .  F i r s t l y ,  s e c r e t i o n  g r a n u le s  are  r a r e l y  see n  in  th e  b a s a l  
r eg io n  o f  th e  c e l l  (S e c t io n  3:3) and t h e r e f o r e  are  u n l i k e l y  t o  be 
r e s p o n s ib le  fo r  d e l i v e r i n g  EC t o  th e  b a s o l a t e r a l  p lasm a membrane. 
S e c o n d ly ,  IgA d id  not bind t o  th e  a p i c a l  s u r fa c e  o f  a c in a r  c e l l s  in  
v i t r o  (Section 3:6c) showing that no SC was exposed on t h i s  area o f  the  
plasma membrane. Consequently i t  i s  u n l ik e ly  th a t* S c ) f ir s t  t r a v e l s  to
the a p ica l plasma membrane within secre t io n  granules and then to  the 
b a so la tera l  plasma membrane as th is  would probably in v o lv e  at l e a s t  
transient exposure to  the a p ica l surface. Therefore i t  i s  c le a r  that  
movement o f  secretory  component to  the b a so la te r a l  plasma membrane i s  
independent o f  secretio n  granules.
Although a n a ly s is  o f  secretion  granular preparations from parotid  
gland homogenate shows that SC and IgA are both present (Section 3:7i) 
i t  would appear on balance that the two pathways do not converge prior  
t o  s e c r e t i o n  and t h i s  would c e r t a i n l y  appear t o  be th e  c a s e  in  human 
s a l i v a r y  g la n d s  (Nakamura e t  a l ,  1985. However, fu r th e r  work i s  
necessary to  e s t a b l i s h  t h i s  p o in t  c o n c l u s i v e l y ,  p o s s i b l y  i n v o l v i n g  
u ltra s tr u c tu ra l  immunolocalisation o f  Sc and IgA in  rat parotid  glands.
E vidence c o n s i s t e n t  w ith  th e  id e a  o f  two d i s t i n c t  s e c r e t o r y  
pathways in serous acinar c e l l s  was obtained by monitoring the basa l  
r e l e a s e  o f  p r o t e in s  from p a r o t id  a c in a r  c e l l s  in  v i t r o .  P r o te in s  
re leased  from acinar c e l l s  in to  the incubation medium were separated by 
n a t iv e  polyacrylamide g e l  e lec tro p h o res is  r e v e a l in g  e le v e n  p rote in s  o f  
which n in e  were s p e c i f i c a l l y  r e c o g n ise d  by a n t ib o d ie s  t o  r a t  w hole  
s a l i v a  fo l lo w in g  western b lo t t in g  (S e c t io n  3:6d). These r e s u l t s  a re  
c o n s isten t  with p rev io u s ly  observed numbers o f  p ro te in s  Sc by parotid  
g la n d s  in  v i v o  (Abe and Dawes, 1978) and t h e r e f o r e  s u g g e s t s  p r o t e in s  
are  r e l e a s e d  by normal s e c r e t o r y  p r o c e s s e s  and not s im p ly  by c e l l  
disruption .
The ra tes  at which in d iv id u a l s a l iv a r y  p ro te in s  were r e lea sed  over  
a 2hr in cu b a tio n  p er io d  a t  37°C were a n a ly s e d  by c r o s s e d  immuno- 
e lec tro p h o res is  against a n t i - r a t  whole s a l i v a  (Section 3:6e) and showed
two d i s t i n c t  tr e n d s .  P r o te in s  p o s s e s s in g  a h igh  e l e c t r o p h o r e t i c  
m o b i l i t y  showed a comparable in c r e a s e  in  r a te  o f  s e c r e t i o n  during  
su ccess iv e  th ir ty  minute periods o f  incubation. In contrast, proteins  
showing a low e lec trop h oric  m ob ility  were re leased  at a constant rate  
throughout. The d i f f e r e n t ia l  rates o f  protein  r e le a s e  do not s t r i c t l y  
confirm  th e  e x i s t e n c e  o f  two d i s t i n c t  s e c r e t o r y  pathways as  i t  i s  
p o ss ib le  that d if fe re n t  prote ins  sharing a common secretory  pathway may 
not be re leased  at an equal or constant rate. However in the l ig h t  o f  
m o rp h o lo g ica l  e v id e n c e  t o  support th e  e x i s t e n c e  o f  two s ep a ra te  
secretory  pathways (Sections 3:3 and 3:6c) i t  i s  assumed that secretory  
proteins in parotid acinar c e l l s  are s e l e c t i v e l y  segregated fo llo w in g  
syn th es is  in to  two d is t in c t  transport pathways, are i n v o l v i n g  'bulk"  
s e c r e t i o n  o f  s a l i v a r y  p r o t e in ,  m ediated by s e c r e t i o n  g r a n u le s  and a 
second pathway f a c i l i t a t i n g  IgA tr a n s p o r t ,  m ediated by s e c r e t o r y  
component.
The d i f f e r e n t i a l  r a t e s  a t  which s a l i v a r y  p r o t e in s  are  s e c r e t e d  
from a c in a r  c e l l s  in  v i v o  (S e c t io n  3:6e) are  d i f f i c u l t  t o  in t e r p r e t  
c o n c l u s i v e l y .  V arying r a t e s  o f  p r o te in  s e c r e t i o n  in  g e n e r a l  c o u ld  
e i t h e r  be i n d i c a t i v e  o f  two d i s t i n c t  s e c r e t o r y  pathways or v a ry in g  
r a t e s  o f  p r o te in  s y n t h e s i s  a lo n g  one common s e c r e t o r y  pathway. 
However, the almost exponential rate  o f  secretio n  observed for  certa in  
p r o t e in s  from u n st im u la ted  c e l l s  in  v i t r o  was un exp ected . I t  i s  
p o s s i b l e  th a t  such a p a t te r n  o f  p r o t e in  r e l e a s e  c o u ld  a r i s e  by two 
means, e ith er  by c e l l  d isruption  which increases throughout the 2 hour 
in c u b a tio n  a t  37°C or by c e l l  r ec o v e r y .  F i r s t l y ,  a l th o u g h  c e l l  
v i a b i l i t y  i s  maintained in excess  o f  87% throughout i t  i s  p o s s ib le  that  
r e l e a s e  o f  a l l  s e c r e t i o n  g r a n u le s  from th e s e  c e l l s  c o u ld  produce an
a r t i f i c i a l  in c r e a s e  in  o b served  s e c r e t i o n ,  e s p e c i a l l y  as  s e c r e t i o n  
under in  v i v o  c o n d i t io n s  o n ly  r e s u l t  in  r e l e a s e  o f  some not a l l  
s e c r e t o r y  g r a n u le s .  Two p o in t s  a g a in s t  t h i s  a rg u m e n t  w i l l  be th a t  
r e l e a s e  o f  s a l i v a r y  p r o t e in s  would r eq u ir e  th e  a c t io n  o f  ly so so m a l  
^ v j ^ n z y m e s  and i f  t h i s  were th e  c a se  a n o t i c e a b l e  in c r e a s e  in  t o t a l  
numbers o f  prote ins  in  the incubation mediufQ would be expected and t h i s
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was not the case. A lso  on the b asis  that a l l  c e l l u l a r  contents would 
be re lea sed , some increase in  a l l  secretory  prote ins  may be expected, 
t h i s  a l s o  d id  not a p p ly .  A l t e r n a t i v e l y ,  c o n s id e r in g  th e  id ea  o f  
"recovery  period" i t  i s  a common o b s e r v a t io n  in  t i s s u e  c u l t u r e  
te c h n iq u e s  th a t  c e l l s  may undergo a r e c o v e ry  p e r io d  f o l l o w i n g  
i s o la t io n .  I f  t h i s  i s  a l s o  true for acinar c e l l s  gradual return to  a 
normal c o n s t i t u t iv e  rate  o f  secretion  may produce the observed pattern. 
A lso prote ins  normally secreted  in  lower proportions would ach ieve  a 
c o n s ta n t  r a te  o f  r e l e a s e  fa r  sooner than o th er  p r o t e in s  which are  
s e c r e t e d  in  h ig h er  c o n c e n tr a t io n s .  Both o f  t h e s e  p o s t u l a t e s  are  
co n s isten t  with the  observed rate  o f  protein secretion . However, the  
b a s i s  o f  p r e se n t  d a ta  i s  im p o s s ib le  t o  say  which i s  a more a c c u r a te  
account o f  the observed prote in  r e le a se .
5. CONCLUSIONS
1. Polymeric IgA i s  transported in to  s a l i v a  by secretory  component 
which i s  p r e se n t  in  th e  sero u s  a c in a r  c e l l s  o f  th e  subm andibular and 
parotid glands.
2. S e c r e to r y  component i s  i n i t i a l l y  s y n t h e s i s e d  as  a l a r g e  t r a n s ­
membrane protein (mSC-mwt > 160000) which t r a v e l s  to  the b a s o la te r a l  
plasma membrane to  c o l l e c t  plgA and i s  then endocytosed p i  a mSc/IgA 
complex which i s  transported to  the a p ic a l  domain o f  the c e l l .
3. The mSC portion o f  the mSc/IgA complex i s  c lea v ed  in t e r n a l ly  prior  
t o  s e c r e t i o n  produced a 73,000 mwt f r a c t io n  o f  SC a t ta c h e d  t o  plgA  
(s lgA ).
4. The s lgA  i s  l a b i l e  in  s a l i v a  b e in g  degraded t o  produce a 63,000  
mwt form o f s a l iv a r y  SC.
5. Transcytosis o f  IgA through parotid acinar c e l l s  in  v i t r o  occurs 
within th ir ty  minutes when incubated a t 37°C. A lso  the decreasing rate  
o f  IgA tra n scy to s is  observed on prolonged incubation could  be due to  a 
rate  l im it in g  s tep  in v o lv in g  movement o f  receptor ligand complex in to  
coated p i t  regions o f  the plasma membrane prior to  transport.
6. In r a t  p a r o t id  a c in a r  c e l l s  s e c r e t o r y  p r o t e in s  a re  s e l e c t i v e l y  
s e g r e g a te d  f o l l o w i n g  s y n t h e s i s  i n t o  two d is t in c t  pathways which show 
d i f f e r e n t  r a te s  o f  s e c r e t i o n  and may r ep re sen t  th e  pathways o f  bulk  
protein  secretion  mediated by the secre t io n  granules and IgA transport  
mediated by secretory  components.
7. The in v i t r o  system developed to  observe the sort in g  o f s a l iv a r y  
p r o t e in s  o f f e r s  a rare  and c o n v en ien t  ex p e r im en ta l  model in  which 
s o r t i n g  m echanism s o f  e n d o g en o u s  p r o t e i n s  c o u l d  be f u r t h e r  
characterised .
6. CONSIDERATION OF FUTURE WORK
Immediate e x te n s io n  o f  rep orted  work s h o u ld  in c lu d e  a more 
accurate determination o f  the rate o f  IgA tr a n scy to s is  in  v i t r o  using  
s e v e r a l  time poin ts  prior to  the th ir ty  minute incubation reported. I t  
would a l s o  be pertinant to  e s t a b l i s h  i f  free  secretory  component was 
r e l e a s e d  in t o  in c u b a t io n  medium from c e l l s  which had not been  
p r e v i o u s l y  load ed  w ith  IgA a t  4°C. With regard t o  more lo n g -term  
in v e s t ig a t io n  o f  IgA transport i t  would be necessary to  determine any 
endosomal involvement in  IgA tr a n scy to s is  through parotid  acinar c e l l s .  
Use o f  the in  v i t r o  acinar c e l l  system would enable  the use o f  inposed 
temperature r e s tr ic t io n ,  thus an 18°C block , p re v io u s ly  described by 
Hubbard, 1985 may r e s t r ic t  movement o f  in te r n a l ise d  receptors/receptor  
ligand complexes fo l lo w in g  entry in to  an endosomal compartment. Thus, 
lo a d in g  o f  s u r fa c e  SC w ith  IgA s p e c i f i c  fo r  h orse  r a d ish  p e r o x id a se  
(HRP-IgA) a t 4°C, fo llow ed  by an incubation at 18°C could r e s u l t  in  an 
accumulation o f  HRP-IgA within an endosomal compartment thus providing  
a morphological marker for t h i s  c e l l u l a r  compartment which cou ld  then 
be e ith er  v i s u a l i s e d  by e lec tr o n  microscopy or i s o la t e d  p o s s ib ly  by the  
method o f  Mullock e t  a l . ,  1986 .
D e f in ita t iv e  ch aracter isa tion  o f  d iverg in g  secretory  pathways in  
r a t  p a r o t id  a c in a r  c e l l s  i s  t o t a l l y  dependent upon u l t r a s t r u c t u r a l  
l o c a l i s a t io n  o f  SC and s a l iv a r y  p ro te in s  such as a amylase. Due to  the  
l a b i l e  nature o f  SC during t i s s u e  f ix a t io n  t h i s  work i s  a l s o  dependent 
upon th e  a v a i l a b i l i t y  o f  an u l t r a c r y o s t a t  t o  p rep a re  s e c t i o n s  for  
e lec tro n  microscopic examination. N everth e less  i t  w i l l  be e s s e n t i a l  to  
e s t a b l i s h  whether SC l e a v e s  th e  G o lg i  or p o s t  G o lg i  ap p aratu s  in  
tr a n sp o r t  v e s i c l e s  i n d e p e n d e n t l y  o f  o t h e r  s a l i v a r y  p r o t e i n s .
A v a i l a b i l i t y  o f  u l t r a c r y o e le c t r o n  microscopy would a l s o  r e so lv e  the 
q u e s t io n  o f  whether Sc or s lgA  are  p re se n t  in  s e c r e t i o n  g r a n u le s  or 
transport v e s i c l e s  in  the a p ica l  domain o f  the c e l l .
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